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To the Right Honourable , 
Sir Willam Turner, Kt. 
LORD MAYOR 
= THE 


City of Lonpyo x. 


Right Honourable, and my 
very good Lord, 


\Eing bound unto your Lord(lip 

in a double Bond, not only as a 
Private Citizen, but as a Pub- 

lick Officer under your Cogni- 
ſance; I thought it my Duty (not only 
with the general Voice and Plaudit of the 
City, but in ſome more publick way) to 
render to your Lordſtip moſt bumilfe and 
hearty Thanks for your aſſiduate and in- 
elefatigable Induſtry, which, by the Bleſ- 
ſmg of Almighty God, hath in ſo great 
and unexpeted meaſure not only reſtored 
our Ruinons City to its former Condition, 
A 2 but 


The Epiſtle Dedicatory. 


but hath raiſed it to a far more excellent 
(Glory and Beauty than ever it had, or wa: 
like tw have, before, As we muſt all ac- 
knowledge, That our Merciſul God hati 
principally and primarily brought thi 
Good out of Evil; ſo we wuſt alſo con- 
Jeſs, That your Lordſhip's Honour hat 
been herein a prudent Joſeph under on 
Rojal Sovereign, and a diligent Nehe 
miah ix: the repairing of our Hieruſalem: 
and, That the Work hath exceeding}, 
proſpered in your hands. 

And now, my Lord, thouch I want 
Means and Skill to further ſo cood a Wort 
as [ would; yet I want not a Mind to d 
what I can: And therefore I have beer 
( perhaps ſomewhat oy forward to pub- 
liſh This, and ſome other Books of thi 
mature. But if your Honour will plea 
to caſt a favourable Eye upon it, I doub 
not but this little Manual will be of grea 
w/e to all Mathematical Artificers employ 
ed in Building and Beautifying the City 
and likewiſe to all Navigators and Sea 
men, who are entruſted with the Shippin; 
and Merchandize thereof, wherein th 
chief Riches, Strength, and Glory, #0 
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The Epiſtle Dedicatory: 
only of the City, but of the whole King- 


dom doth conſt. 

The Advancement whereof, as it is 
your Lordſhips preſent Care, ſo it ſhall 
be my daily and earneſt Prager, That 
(70d world continue to bleſs your Labours 
herein; and, That gon may live to ſee 
this Work, brought to perfe&jon, to the 
Honour of your Lordſiip, the Glory of the 


; City, the Croun and Dignity of our Gra- 


cious Sovereign, and the Welfare 7 the 
whole Kingdom. So craving your Lord- 


ſhips parcion for my boldneſq, I reſt, 


Your Honours 
Moſt humble Seryant 
And Officer, 


HENRY PHILLIPPES. 
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CI 


THE 
EXPLICATION 


Of the following 


Tables of LocariTams. 


N this little Book, which I intend only 
for a Manual or Pocket-Beok, I fha!l 
not trouble you with the manner of 

Conſtruction of thefe Tables of Loga- 

rithms; but fhall only fixſt give you ſome 

brief general Rules for the better underftand- 
iog of the Tables, and the manner of ufing 
them; and then give you ſome uſc ful and ne- 
ccNary Propolitions in Arithmetick, Geome- 
try, Aſtronomy, Geography, Navigation, 

Dialling, Gauging, and other Mathematical 

Arts, which may be of daily uſe, and are moſk 

ealily performed by theſe Tables, 
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GRAFT TL 
To find the Logarithi of any Number 


under 100. 


Begin with the Table of Logarichme for 
Numbers, though laſt pliced 3 and the na- 


care of theſe Logarithm Numbcrs is ſuch, 


that I-t the Number be never fo ſmall, or 
great, yet the Logarithm muſt have che like 
rumber of Places or Figures : Now ſome 
make them to 11 Places or Figures , as 
Mr. Brizgs , ſore to eight Flaccs, as Mr.Gun- 
ter and Mr. Norwood , and {ome to 7 Placts, 
as Mr. Wingate and Mr. Wing ; and according- 
by I have tiztcd theſe Tables to 7 Places: And 
in the firſt Page of the Table you ſhall hnd 
every Logarithm plainly {ct down to its pro- 
per Nuniber, from one to an hundred, after 
this m2nncr, 

The 1 1arithm of 1 # ©, COOOOO, 

7 be Logarithm of 2 is ©, 301030 

The Loyarithm of 10 4 1,000000. 

The Logarithm of 20 is 1,301030 
And ſo for all the re{t ts 100. 

Tbe Logarithm whereof #4 2, 000000, 

Now in thiſc Logarithm Numbers you 
mult take notice that cach Logarithm is _ 
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ded into two partsz the one is the Characteri- 
fiical Figure, which is the firſt Figure thereof, 
and only ſhews of how many Figures or Pla- 
ces the Number figniticd thereby doth conſik ; 
the other ſix Figures (ſhcew more exactly the 
juſt Number ſignified by the Logatichm, 

Thus all Numbers f:zom i to 10 have for 
their CharaCt:riſtical Cypher, thus, o, 000000; 
and all Numbers from 10 to 100 have for 
their CharaReriſti:k a Figure of one, thus, 
1, 000000 3 and ali N.mb:rs from 100 to 
I000 have for their CharaQteriſtick a Figure 
of 2, thus, 2. c00000; and all Numbers fiom 
1000 to 10000 a Figure of z,thus, 3,0000003 
and all from 10000 to 100000 have for their 
Characteriſtick a Figure of 4.,thus, 4,000000. 
And ſoif you proceed further, the Charace- 
riſtical Figure is always one lefs than the 
Places or Figures of the Number. 


V——— > WRT CO @O——— —_ 
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' CHAP. I. 


To find the Legarithm of any Number 
from 1CO 19 1000, 


LL Numbers from 100 to 1000 are fect 

: down ſucceilively in the Table follow= 
ng in the Margin 0! the ſeveral Leaves, and 
their Logarithms arc ict down in the n<x: 
A5 - Co:umn. 


4 The Explication of 


Column juſt by them,which Column is marked 
at the top thus | o |; only you muſt put their 
CharaCteriſtical Figure, which is 2, before 
them, as | (hewed before, Thus, 

The Logarithm of 1c0 is 2,000000 

The Logarithm of 101 is 2,004321 

The Logarithm of 102 is 2,008600 

Fhe Logarithm of 110 is 2,041393 

The Logarithm of 120 is 2,0791S1 

And ſo for any Numbes to 1000 ſucceſſively 

in this firſt Columa to the end of the Table. 


—_— 


CHAFP. BL 
To jind the Logarithm of any Number 


from 1000 ts 10000. 


HE: you muſt obſerve, That the Table 3s 
divided into 10 Jarge Columns, five on 
the one fide of the Book, and five on the 6- 
ther; alſo each of the Numbers in the Mar- 
gm arc {uppoſed te be increaſed by 103 and 
cheFigures 0123456 7 89, which areſer 
at the head of cach Column, are to be put to 
the Figures in the Margin, to make then a 
place more, and ſo are to be read after this 
manner, 


©12 


the Tables of Logarithms, " 


rn "SAM 


100 TOOO ICON TOO2 1003 IOO 
And ſo the Logarithms of thoſe Numbers 
Rand in the ſeveral Columns under them 3 on- 
ly you muſt prefix the CharaQeriftical Figure 
of 3 bcfore them. Thus, 
The Lrgarithm of 7 000 is 3, £06900 
The Logarithm of 1901 34 3,000434 
The Logatithm of 1002 is 3, 000868 
And ſo read along that Line to 1010, for 
which you muſt come back again to the Mar- 
gin of the next Line, and there the Number 
15 107, fo which adding the Cypher cr Fi- 
gures at the top of the Columns, they will 
make 1010, 1011, 1012, I013, &c tO 102C5 
and their Logarithms are 1n the next Line. 


VIZ 

JO10O 3 004321 | | 1015 3,c06466 
Ic 3,004751 | 10:6 3,006894 
1012 3,005180 | 1017 3.007221 
1013 3,"056Cg | 1918 3,007748 
10'S 3,c0 c38| | 1019. 3.008174 


And thus you may tind the Logarithm of any 
Number under 1ccoo plainly expreſſcd in this 
Table, which after a little ute will be as farni- 
liar, as it each Number were joyned to its Lo- 
garithm, as they are in the larger Tablcs cf 
Mr, Brigs. Mr. Geliih:and, Nerrood, &c, 


CAP: 
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CHAP. IV. 


To find the Logarithm of any Number 
from 10090 to 100000, 


A S before the Marginal Numbers were di- 
vided into 10 parts,{o now you mult ſup- 
pole each of thcle in the ſeveral Columns to be 
divided into 10 parts, and for the better per- 
forming of this, the Differences between the 
Logarithms in each Column are ſet down in 
the Margin on the right hand 3 which Diffe- 
rence being divided into 10 equal parts, will 
make the proportional Logarithms for the In- 
termcdial Numbers, to which you mult prefix 
the proper CharaCtcriliick, whichis 4 3 lo have 
you the Logarithm complcat. 

Thus tbe Log. of 1020 being 3, c00coe 

And tbe'Log. of 1001 bang 3, 0209434 

The difference between them is 434 
which being divided into 10 cqual parts, will 
make the Logarithms of thoſe intermeatal Num- 
bers to © places, thus, 


l1OCO2 4 COCCOCO | IECOS 4,COO217 
IOCOI 4,CC<C43 I0©CO6 4 OCO260 
30CO2 4 COCOS7 IC007 4,000304 
30003 4 CCC130O | | COC8 4,000347 


| IOTOgS 4,000390 


100094 4,000174 
But 
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But in finding out any of theſe intermedial 
Logarithms, you necd not write them over 
all, but multiply the Diffcrencz by your inter- 
medial Number. 

Thus if you would find the Logarithm of 
10005 : The Difference being 4.34, multiply this 
by 5, it makes 2170 then cutting off the laſt Fi- 
gure, it will be217 ; which added to the Loga= 
rithm of 10009, mates 4, 0002 17, as before. 

To help herein, there is a Proportional Ta- 
ble at the end hereof, where cach Number to 
be addcd to the foregoing Logarithm 15 ready 
caſt up toyour hand. The thing is lo plain, 
that it needs no Fxample, but what is before- 
ſaid : Only the Table makes the Work more 
ready for you. 


———O———— ——— —  —— - -—_ 


CHAP. V. 


A Loearithm being given, to find ont 
ihe Number beloneine thereunto. 


His is but the converſe of the former, and 

theretore you mutt remember your for- 
mcr Rules, concerniag, the CharaReriſtical 
Figure; which, it it be th: Figure of 1, then 
your Number 1s to be under :00 3 if it be the 
Figure 2, then your Numb. deticed muſt be 
uncer ICCO; ul itbe the Figuie3, tlhicn your 


Num» * 


8 The Explication of 


Number muſt be under 10000 3 if 4, then the 
Number is under 100000. 
Look therefore in the Tables till you find 


the Logarithm given,and againſt it in the Mar- 


gin, according to the former Rules, you ſhall. 


ſce the Number betonging thereunto. 


1,079181 12 
Thus 2,079181\ are the Loga- J120 

3,079181 rithms of Y1200 

4 079181 12000 


If you cannot find the Logarithm given 
exaGly in the Tables (in moft Operations) 
you may take the neareſt Logarithm Number 
which you can fird, cither greater or leſs, and 
take the Humber belonging thereunto for your 


Number defircd. . 
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CHAP. VI. 


To find a Logarithm belonging to a Fra- 
fien, or a Mixt Number, conſiſting 
of an whole Ni::zbcr and a Frattion, 


"A Educ the Log>rithm of the Numerator 
out of the I zarithm of the Dcnomi- 
nator, the Rema:- r isthe Logarithm of che 


Fraction propounc.cd. 


Tous 
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Thus if you would find the Logarithm of 
32. The Logarithm of 4 # — Log. 4. 0,602060 
And the Logarithm of 3 #—Log. 3. 0,477121 
Which ſubtrafted leaves —— Reſt 4.0, 124939 

for the Logarithm of 7. 

But the beſt way in theſe Operations is to 
turn your Fraction or mixt Number into a De- 
cimal Fraction : So the Work will befar more 
calie, eſpecially in mixed Numbers, 

For Example, Let tbe Logarithms of theſe 
Numbers be required 12,12 4,12 3, 12}, you 
may readily turn theſe into Decimal Numbers, 
ſo they will be 12, 12 (25, 12 (50,12 (75. 
Now # find the Logarithms for thiſe Numbers, 
look for thems as if they were whole Numbers,only 
keep the ſame Charateriſtick which belongs to the 
whole Number 12, which is 1. Thns for 


12 2 12 ” 12 Joy. 1, 079181 
I2,\z- Ji2z(25\ 2. )1225 log. 1,088136 
125 & 12(50 Z2 1250 [og 1,096910 
124)Z C12(75) EC 1275 log. 1,105510 


But here by the way you may take notice, 
That though it be cafie to reduce theſe ordina- 
ry Fractions of Quarters and Halts into Deci- 
mals, yet in other Fractions it is not ſo calie, 
but you muſt work by this Rule, 

Add two or three Figures to your Numera- 
for, and then divideit by your Denominator ; 
fo you (hall tind a Decimal Number exactly 
<qual to your Fraction; Orelle, by adding of 

| IMCre 
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more Cyphers, and continuing your diviſion, 
ou may make it an{wer there unto without 


any conliderable difference. 


0 -- z Y 
+ /288CO.25 | : E>(0,3333 
e J=C88 JÞ,125 -| 5 ES 30,1667 
SYL(S 62 2 ( = > Yo,os 
TINY » J©9e3 | 13 © FOr093S 
WW z | 
oy = x C0,3125 2+) \ * 00,0417 


And having thus found the Decimal Num- 
ber anſwering to the Fraction, you may add 
it tothe end of your whole Number, and ſo 
find out the Logarithm thereot by the former 
Rules. 


CHAP. VII. 


The Logarithm of a mixt Number being 
given, to find the Number auſwera- 
ble therennto. 


His Problem, though it be bur the con- 
veric of the other, yet it will (crve very 
well to explain moſt that hath bcen (aid bc- 
fore, cipecially that concerning Decimal Fra- 
Ctions, which is vcry uſeful, 
For Example, Let the Logarithm given be 
1, 085136, and it is reqrired to find the Num: 
ber correſpondent thereunto, 


In 
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In the firlt place obſerve, that the Chara- 
Reriftick is 13 therefore the Number f1gnihed 
thereby is more than 10, and lels than 1co, 
therefore I look for this Logarichm 1n the firlt 
Page of the Table of Logarithms, and hnd 
that the neareſt Numb. thereunto is 1,079 181) 
which is the Logatitim of 12 : So that the 
natural Number cxprefl<d hereby 1s fomewhat 
more than 12, 2nd yet lcfs than r3 by above 
one halt. And thus all Logerithnis that can- 
nat be found cxactly expicficd in the Tables, 
are mixcd Numbers, and to be <xpreſled by a 
D.cimal Fraction. 

S-:ondly, To know how much it is more 
than 12 more exactly, go to the following 
Tablc, which fhcws the ! og. of all Numbers 
from 100, to 10000, an1 there 1 find for the 
Log.cf 12200r 32 (20, ©m'tting the Chara- 
Qcriſtick ,c86359, and forthe Log. of 1230 
or 12 (30, 089905 : So that it {cems to be 
muci in ci:« middle way between theſe two 
Nutnbers. 

Thirdly, Therefore running along the Line 
againſt 122, in th. firſt Column on the right- 
hand-fide, whic!1 hath the Figure 5 at the top, 
I ind my forcſaid Log, < $8136 cxadtly 3 and 
therefor I conclude, that th. Number expreſ- 
{cd thereby is cxadly 12 (25, 

Laſtly, If you could not have found this 
Logarithm here exactly, then it muſt fall be- 
twecn this Nuu;ber ar.l the next in the ſame 

Line, 
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Line, that is,between 1225 and 1226 3 and by 
the Difference, and the Table of Proportion, 
you may ſoon hnd how much it is more. 

As ſuppole the Log. had becn 0$83 14, this 
is more than the aforcſaid Log. 088136 by 
178, which is the half of the common Diftc- 
rence let at the end of this Line, being 355 3 
and ſo the Number delired is 12 (255; 


——————— 


CHAP. VIII. 


Of the Uſe of the Table of Proportion. 
\ \ JT Hen you have the difference between 


any two Logarithms,you mult find out 
the Proportional Part of that difference either 
by the Rule of Proportion, or by the Table of 
Proportion, which is fitted for this purpole. 
The Rule hath two Cafes, 

Firſt, Knowing the Common difference.to find 
what you muſt add for any intermediate Number. 
This is performed by Multiplication, Thus, lct 
the Common Difference be 35 5,and you would 
know what muſt be added for 1,2,3,c. work 
by the Rule of Three, and thus you (hall find it. 

As 1Oto 355 : Sol t035(5s 

As 10 t0 355: So2 to71. 

As 10 t0 355: $03 tolos (5. 
And fo for any other ot the 10 intermediate 
Numbers. The 


It 


f 
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The Second Caſe is, Kuowing the Common 
Difference, and likewiſe the Particular Difference 
of your Number, from the Log. fornd in the Ta- 
ble, This is performcd by Divition, alter 
this manner. Let the Common difference be 
355, and your particular Difference 142, or 
177 (5: 

As 355 tolO; So lg2 to 4. 

Ar 355to 10; $9197 (5195. 

As 355 1910: $o213t26. 
And ſo tor any other of the 10 intermediate 
Numbers. 

But now the Proportional Numbers are 
ready caſt up in the Tablcs of Proportion 3 fo 
that by the Common Difference you may in 
that Linc find all the ten Numbers which you 
need to uſe in both Caſes, without any far- 
ther trouble, 

Example. L.ct the Common Difference be 
355, as beforez the Proportional Numbers 
are thus ſet down, 


LS. 4.4 0 £180 
35,35;71,106,142, 177,213,248,284,319, 


which you may uſe according to former dire- 
ions; and fo this ſhort Compendium of 
10000 Log. will make 100000, which will 
beas faras is uſctul in moſt Caſes, If you will 
make them to ſerve tor a Million, you may do 
It by working the Rule of Threeto a place ture 
thcx, Thus, 

As 
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Ar 100 10355: Sorto3 (55. 

As 1COt0355: $02 to7 (1. 

Ar 1lcOto 355: $03 1010 (65- 
And (01: thc other Caſe, 

As 355 to i00; So 14 (2,t9 4. 

A 355tol0o: Sol7(75,to 5, 

Ai 355toloo : So21 (3,6. 

This ail'» may be performed by the Tables 
of Prop tion, counting the fingle Numbers 
1,2, 3,&c. toliand firit for 10, :0, 30, and 
then cutting off the Jaſt Figure of the Propor- 
tiona! Numbers, the rcſt will ſerve for the 
fing)c Digits 1, 2, 3; &c. 

But this being in molt Caſes needle(s, and 
alſo the Logarithm Differences being, fcarce 
exatenough to {erve to 1-0 places, I ſhall not 
inſiſt upon it, but rather adviſe you to uſe a 
larger Table of Logarichms, 
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CHAP. IX 
Any Ark or Angle of a Triancle, con- 


taining any number of Degrees and 
Minutes, being given, to find the Lo- 
garithm of the Right Sine or Tangent 
belonging thereunto. 


| You muſt underſtand, That every * 
Cuircie is divided into four Qauadrants, or 
Quarters z and cach Quadrant is divided 
into 90 Degrees, and each Degree into 60 Mi- 
nutes, ard the Logarithm Sines and Tangents 
for every one of theſe Degrees and Minutes. 
are plainly expreſſed in thele Tables, and are 1 
thus to be found, | 


When | 
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When the Numbcr of the Degrees given 
doth not exceed 45. deg. make ſearch for the 


{ame at the top of the Pages of the Table enti- | 


tuled Artificial Sines and Tangents 3 and if 
thcre be any Minutes joined to the Degrces, 
you muſt find them out in the firſt Column or 
Margin towards the left hand, which is markcd 
with the Letter M: And having ſodone,right 
againſt thoſe Minutes, under the Title Sign, 
at the top of the Table, you ſhall tind the Log, 
of the ſaid Sine and Minutes and under the 
Title Tangent yop (hall have the Log. of the 
Tangcnt of the Ark or Anglc dclired, 

So the Log. of the Sine of an Angle of 23 d, 
3Om. is 9, 6007@0: And the Log. of the T an- 
geut of the ſame Angles 9, 638302. 

But when the Numbcr of the Deg. required 
excceds 45, you muſt look for thcm at the 
bottom of the ſaid Table, and you.muſt look 
for the odd Minutes in the firſt Columnor Mar- 
gin towards the right hand, marked likewiſe 
with the Letter M3 and fo right againſt theſe 
Minutes, in the Colum above the Title Size, 
you ſhall find the Log. of the {aid Sine 3 and a- 
\\'! bove the Title T agent, you ſhall find the Log, 

| of the ſaid Tangent of the Angle required. 

f So the Log. Sine of 66 deg. 3O min. is 
|! 9, 962398; and the Log- of the Tangent of the 
\!] ſaid Angteis 10, 361698, And thus you may 


|] find the Logarithm Sine or Tangent of any 


|] other Angle, 
j CHAP, 


i | 


} 


þ 
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CHAP. X. 


To find the Co-ſine or Co-tangent 
of any Angle. 


HE Co-ſine or Co-tangent of any Angle, 
is that which others call the Complement 
of any Angle, or more plainly, the remaining 
part of that Angle being taken out of go De- 
grees. Thus the Angle of 23 deg. 30 min. being 
taken ont of 90 deg. the Complement thereof, will 
be found ta be 66 deg.30 min. And on the other 
fide, The Angle of 66 deg. 30 min. being taken 
out of codeg. gives for the Complement thereof 
23 deg- Zo min. So that theſe two Angles are 
the Comp!ements of each other : And ſo you 
ſhall find the Complcments of any other An- 
gles. 
Now theſe Complements being of frequent 


, uſe in Trigonometry, it hath been the eare of 


moſt modern Mathematicians ſo to cotnpoſe 
their Tables of Sines and Tangents, that theſe 


, Complements ſhould be always joyned or 


coupled together ; And therefore Mr«Gunter 
very fitly calls them Co-fines and Co-tangents, 
And this is done by making the Tables of Sines 
and Tangents (and Secants, where there is 
any) to run on from © deg. to 45 deg. with their 

reſpective 
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reſpc&ive Titles at the top of the Table z and 


then from 45 deg. to 90 deg. they turn back - 


again in order, with their re{pe&ive Titles at 
the bottom of the Table. Thus the Sine and 
Tangent of every Degree and Minute-in one 
Column, is joyned with its Sine-Complcment 
and Tangent- Complement in the next Ce- 
lumn, So that without the trouble of ſub- 
trativg the Angle from go deg.you may rcadi- 

ly find the Complement thereof, viz. either 
' the Arch or Angle in Dcgrecs or Minutes, or 
the Log. Sine or Tangent by the Arch, accord. 
ing as you have occalion. 

Thus the Complement of the Angle 23 deg. 
30 min. i 6.6 deg. 3O min. the Loga. Sine whert. 
of is 9, 962395, and the Log. Tangent there 
$5 10,361 98. 

So likewiſe the Complement of the Angle 664, 
30 min. -being 23 deg. 35 min. the Log. Sine 
thereof #4 9,600700, and the Lag. Tangent 
9, 638302. And fo for any other Angle, the 
Co-{ine js (till coupled with it in the adjoyning 
Column, 


CHAP. 
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nd CHAP. MI. 
Mor, find the Secant of any Angle, and the 


N Arithmetical [Complements inſtcad 
ub- thereof. 
di- 
her 'F HE Natural Sccants are very neceflary in 
or -} Tables,for the expediting of Calculation 
rd. and likewife the Logarithm Secarits (or at leaſt 
a part of them) are of good uſe, as I ſhall 
7 ſhew hereafter. And therefore though 1n tl;is 
,r£ little Book we had not room to fet them down, 
ref yt I ſhall ſhew you how you may calily find 
them out by the Table of Sines. 
54 Subtract the Logarithm Sine of the Sine 
7:1 Complement of any Angle from the double 
ext Radius of the Tables, and that which remains 
the will be the Sccant required. Ar if Id:ifire the 
ing Secaxt f 23 deg. 30 min. 1 find the Log. Size 
of its Complement is 9,962398, rbic) ſub- 
trated from the double of the Radinz, 1hat is, 
20, OOOOOO, there remains 10, 037602, which 
21 the Sccant of 23 deg. Zo min. And ſo alſo, 
10, 3993CO zs the Secaut of 66 deg. ZO min. 
AP, it being the remaincr of 9, 600700 taken cat of 
20, ©00000, 
Now though theſe Secants be of li:tle uſe, 
yet the latter part thereof, leaving out the 
B Chara- 


2 The Explication of 


CharaCtcriltick, is of great uſe, as you ſhall 
ſce by and by. And therefore it will not be m 
amiſs to ſhew you how to find out thele Arithe yc 
metica] Complements, that is, to ſubtract any nc 
Logarithm Number out of the Commen Ra. T 
&ius, which is 10,05<0co, alter the mok js 
ready way. d( 

For Example, If you were to ſnbtra@ the ta 
foreſaid Logarithm Sine 9,962398 out of th; B 
Radius 10, COOCOO: The cemmon way 14 firſt to bl 
ſet dire the Radius — 10,00CC00 Ne 
Then to ſet the Log. Sine ander it— 9, 962398 


—I_Dw__T _—___ 


Then to ſubtra@ the oxe from 
t! c otber, ſo the Remainer -s ©, 037602 
Bur to fubtract the Complement of this, T 

or 2ny other Number more rcadily, you may *' 

begin (contrary to the common courle_) with 
the firlt Figure towards the left hand, and 
write down the Complement or Remainer 
thereof togz and fo doallo with all the reſt 
—_ Ts, laying, 9 wants 9. 962398 
9, and again, 9 wants o, © 037602 

6 wants 3, 3 wants 7, 3 wants * 

6, 9 wants 04 only when you come to the 

lai Figure, take it out of 10 fo 8 wants 2 

of 10; but count upong for all the former, 

Thus you may xcadily write out the Arichme- 

tical Complement ot any Sine out of the Tia- 

ble, almoſt as eafte as the Sine it f(clt; and 
therefore in this little Book 1 have the rather of 
omitted them, In 
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hall In the like manner, if you necd the Arith- 
t be mctical Complement of any Log. Number, 
ith- you rmay thus readily ſubtract it. But if you 
any need the Arithmetical Complement of any 
Re Tangent, you may take the Co-tangent,which 
noſt is the exat Arithmetical Compleament of the 

double Radius 3 fo that the Tangent and Co- 
th tangent of any Arch make exactly 20,0000. 
the By this alſo you may try the truth of the Ta- 
tt, bles for the Tangents, and corrc&t them if 
>00 need be. 


js | : 

502 CHAP; XIL 

ma. To find out the Natural Sine or Tan- 
Y 

ith gent of any Angle. 


and 
ner FF you want a Table of Natural Sines and 
reſt I Tangents, and dcfire to know the Natu- 
ne ral Sine or Tangent of any Angle, look out 
7* the Logarithm Sine or Tangent in theſe Ta- 
bles: Then not much regarding the Chara- 
the Reriſtick thereof, ſee what Number will an- 
s2 werto the other part thereof inthe Table of 
\r, Log, Numbers, and that with a little cau- 
ne- tion will ſhew you the Natural Sine or Tan- 
I'a- gent deſired, 
nd Example, T deſire to know the Natural Sine 
her of 23 & 30 min. Firſt I find the Log. Sine 
B 2 thereof 


22. The Explication of 


thereof in theſe Tables, and it is 9, 600700, 
Then omitting the Chara@erijtick 9, I ſ*h for 


600720 in the Table of Log. Numbers, and © 


3ve neareſt Log. Number 1 can find there i 
600646, and the Natural Number anſwering 


thereunto is 39,7, mhich i; the Natural Sine of g 


the ſaid Angle, if you content your ſclf with ; 
Radims of 10000 , but if you make your Radin; 
COOOO, then the Sine ſhould be 39875. 

And fo by Proportion and the tormcr Rules 
if your Tables were large enough, you might 
tind any Sine or Tangent to a Radius of 7 or $ 
Figures, as by the Charact-1ilticks of che Log, 
Sines you may fſce they are made to a Radius 
of 11 Figures or Places, the CharaCteriſtick of 
their Radius being 10,00-000, which ſhews 
their Natural Radius is 10,000, 000, coo, 
though there be but 8 Figures or Places in the 
Log. Radius, thc reli being omitted, theſe be- 
ing taken out of larger Tables, and yet will 
ſerve vcry well in moli ordinary Conclutions, 
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 LOGARITHMS 
= In ſeveral Parts of the 
a MATHEMATICKS. 

0, 

the NE—_ 
be- 


il I ARITHMETICK. 


NS, 
Propoſition I. 


To multiply one Namver by another. 


nk Ook the Logarithm of cach Number in - 
the Table of Log»rithm Numbers, ac- 
cording ta the former Rn1'cs, and wiite them 
duwn one under the othcr, and then add the 

IE two Log. tog.ther by the cc .mmon Rules of 

Arkdhmerick © to thy «11! preZuce @ third. 
Logzrithm, which third Log b<ng tound 

B 3 OUT 
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out in the Table of Log. you may thereby fin 
out the trae Number, which would be pro Th 
duced by the multiplication of the ſaid tw T1 
Numbers. 

Example. 30 being given to be multiplied | IW 
25, wild produce 750. So, wp 
The Log «if 30 bring =—— I,47712 
Aided to the Log. of 25 — ——1,39794 : 
Makes 2 third Log. ——-—— 2,87526: © 
which according to the former Rules you wil. "' 
find to be the Lor.of 750, which is thePradui Y 
of the multiplication. 

Now the Recalon of this Operation i T 
grounded upon the Rule of Proportion, which 
15 1mplicitly required in every Multiplication, * 
So that, Ji 

Aj 1ist030: $0is 25 to 750, .! 
That is, S9many times as 1 is in 3O, ſo many © 
' 


tim:s 7.5 is containcd in 750. 

Now becauſe a Unit, which is the firſt Num- 
ber, doth neither multiply nor divide, there: 
fore the Tables are fo tramed, that the Loga- 
rithmot 1 is 0,000009, only Cyphers, which 
do Ncithcr add nor (ubtraQ, and fo may be 
left out, and yet the Log. of the other two 
Numbers, being added together, fully exprels 
the Product which is deſired, | 

The like effc& will follow if you uſe De- 
cimal Fractions in mixt Numbers. 


Exams 


y fin 
pro 


tw 
16d b 


712 
794 


3 261 
wil. 


dy; 
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Example. If 30 were to be multiplied by 2(5. 
The Log. of 30 is —- 1,477121 
The Log. of 2 (5 #4 — ——1,297940 


_—_——  — 


IVnich maketh a third Loz,— ——— 1.37 56x 
which i s the Log. of 75. 

But it the Numbers you are to multiply by, 
be either one or both of them pure Fraftions, 
that is, leſs than one Integer of your Maltipl1- 
cation, you mult be careful how to characte- 
rize your detective Logarichm, and to place 
your Product accordingly. 

You mull h«rc underitand, That the Cha- 
raQeriltick of 1 is 0, 000000; therctore the 
Characteriſtick of a Fraction that 15 always 
I:(s than 1, muſt be lefs than 0, 000000 : And 
in the ſame manner as the Characteritiicks of 
whole Numbers increaſe to be more than 
©, c00000, {2 the Characteriſticks of FraGit- 
ons decreale Ie{sthan 0,0000320, ar:d are to b 
inirked with a Note of detect thus, —, as 
you may fee by the Logarithims of thete Nt mn 
bers and FraCtion:, 


Numb. Logarithm., FraTtion. Logarit' "”M« 
5 O 698970 G-OC ) 0.69897: 7 
52 1,695570 @.500 - -+© 69997 
500 2,69397) | | 0.050 =» 2 
5200 3,698970 | | 0,005 -2. 698970 


Now the beſt way to ta. car Pro + 
duct is by obſ:rving theſe Examples, wherein 
I have explaincd tie Operation, by rauitiply- 

B 4 ing 
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ing thele Decimal Fractions in a Nitural Wa}.&tio' 
way, filling, up all the Places with Cyphes 


rt 

m hich makes it ve cry plain. "1 E 
Example 1. Multiply 5 by 5. teg 

5 Log. 5 0,69 897 ger 

5 Log. 5 0, 695976 mv 

++ ſha won — == 


25 Log. 25 139794 my 
Example 2. Maltiply 5 by 0,53 thasrw, bh an 


five tenth parts, or an half. Int 
5 © Log. 50 0©,69897! of 
0,5 Leg. o,5 —0,69897: fed 
2 50 Log 2,5 —1.39794 
O © 


g—_ — Thisis the Log.ot 25 as befcre; 
2.5 © But here being one of the Num: 
bers detcEtive,it (hews the Figure; | 
arc to be (et a place torwa cdcr, as Fractions; © 
ſo there remains for the Produt 2,5,0r 2, 50. 4 


pris; that is, twoluatcg.rs and an ha't. Q 
Exawple 3. MAltiply o, 5 by 0,5. 
O 5 Log. © 5 —0,698970 
© 5 Log, 0,5 —0,698970 
25 Leg. 25 —1,397940 
© © 


a — —- 


This is the Log, of 25 fiill; 
©.25 but becauſe all the Numbers arc 
dctcHive, it fhews this 0,25 mult 

be {et two places tocward, and made all Fra- 
Qions ; 
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3). &ions: So the Product will be o, 25 hundred 
es parts, that is, a quartcr of one Integer, 

Here you may farthcr take notice, that In- 
- tegers, multiplizd by Integers, produce Inte- 
97" pers, as in the tirtt Example: and Integers, 
97© multiplied by parts, produce Integrrs ard 
— Parts, as in the ſecond Example : But Parts, 
94 multiplied by Parts, can only produce Parts, 
> b And the ſmaller the Parts are into which the 
Integer is divided, the greater will the number 
97: of the Produc be in (hew, but the leſs 1n ct- 
97\ fect, as in the following Examples. 
— ' Exampleq. ©, 50 Maltiflied by c,o5. 


9% 0©,50 Log. 0,50 —0,698970 
| ©,05 Log. 0,05.  —1,698970 
Me Ls mma 
um. 250 Leg. 259 —2,397940 
UI: Co0 
NS; O00 
go —_— 

0,0250 
_ Example5. 0,05 Multiplied by 0,5. 
970 o,05 Log. 0, 05 —1, 698970 
p/0 o,05 Log. 0, 096 —1, 698970 
£4” | 1 any 3) 391940 
| @ſoſs 
ll; 009 
are __ 
wit 25,0025 
Ta- 


ns; B 5 Prop... 


= 
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Prop. 2. 


Jo 4zviae one Number by another. 


Firſt write down the Log. of the Dividend, 
Then write down the Log. of the Diviſor un. 
der it,and fubtraft it from it,and the Remaine 
will (hew the Log of the ſaid Quotient, 

Thus if you were to divide $625 by 75,you wil 
find the Quotient to be 75, after this manner : 
T he Log. of 5625u - 3,75012; 
The Log. of 75 to be ſubtrafied #——1,87506! 


Reſt the Log. of 75 —— —— — 1.87506! 

Now though here be a Unit difference mor 
in this laſt Log. than in the Log, of 75, thi 
(mall difference is not conſiderable : But if you 
and a greater difference, it ſhews there s: 
Fraction, which may be cafily found out if you 
work by Decimal Fra@Qions. 

Example, . Divide 6321 by 84+ 

The Log. of 6321 is ——- 3,80078 
The Log. 34 to be ſubtraGed is 1,92 427: 


Reſts Log. 1,,$7650; 
Now this Log. 1,8765507, 15 mach mo. 
than the Log. of 75, and yet it is much [el 
than the Log. of 763 therefore here mult be: 
Decimal Fra&ion found out, according, to th 
Rules of the Seventh Chapter before, _ 
there 
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thereforc over the Tables till you find 875507» 
not regarding the Characteriſtick, and you 
ſhall find the Number an{wering thercunto is 
7525, Now becauſe the CharaCteriſtick ot 
your Log. is r, therefore you muli take but the 


; two firſt Figurcs of this Number for the Quo+ 
, tient, and the two following Figures make a 


Decimal Fraction, thus, 75 (25, that is, 75 
and 5, parts, which 1s juſt 4 more. . 

But here you mult take heed,as before in Mul- 
tiplication, whether your Number by which 
you divide be a Fraction or not 3 for that will 
much alter the Produc, though the Log. be 
the ſame, only differing in the Charadteriſtick, 

As for Example. If yr# ſhould divide the 
foreſaid Number 6321 by ©, 54. 


Tbe Log. of 6321 is 3. 800786 
Toe Log. of oO, $4 is —, 924279 
Which ſubtraed, there reſts 2, 876507 


To which adding a Radins, becauſe 


of the defefiive Log. C I,0COOOQ9 


The Sum is 3,876507 
which is the Logarithm of 752 5. 

For you muſt conſider, if this Numbey were di- 
vided by 1, there is 6321 Units init , bat being 
divided by the Fraftion ©, 84, which # ſumerbat 
leſs than an Unit or Integer, it muſt needs fro- 
duce ſomerchat mare, viz. $25 3 and ſy many, 
times js that Fraction contained in 6221, 


Prop. . 
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| 
Prop. 3+ > 
a 


To find the Square Root of any Number. 
H 
Haif the Logarichm of any Number is the 
Logariihm oft the Square Root thereof. 
Exam, Let the Square Number given be 5645, to 


The Leg. of 5625 5 — —3,750123 

The half thercnf is -- ——— ——1,875061 th 
which iz the Log. of 75, which is the Root of the dj 
ſaid Number. h 


Hcrelikcwiſe if you cannot hind your Log, © 
exactly in the Tables, you mutt make It out 6 
by 2 Decimal Fraction, a<b.fore, t] 

On the contrary, by doubling the Log. ct þ 
any Numbcr, you have the Geometrical y 
$quaie thereot. C 


Prop. 4+ 
To find the Cube Roet of any Number. 


Divide the Log, of the given Number by 3 
fo you (hall kave the Log.of the Root required, 

E xam. Let the Cube Number given be 9261. 
2be Log. of 9261 is- - —— 3.966658 
The third part tbereof 1. 1,322219 
whi:) 3s the Logarithm of 21, aud that is tbe 
Cube Kot required, 

Lik-wiſe multiply the Log, of any Number 
by 3. and it producceth the Log. of the Cube 
cre of, Hcre 


cal 
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Here likewiſe ycu may make uſe of Dcci- 
mal Fractions, which in theſe Operations are 
tar more eafic than others. 

Prop. 5. 
How to work the Rule of Three, or the Rule of 
Proportions 

The plain and common way, which is bcft 
to truſt unto, is after this manncr. 

As in common Arichmctick, you multiply 
the ſecond and third Numbers together, and 
divide their Produd by the tirit Number : So 
here you muſt add the Logarithms of the (c- 
cond and third Numbcrs together (which is 
equivalent to the multiplication of them) and 
then ſubtract the Logarithm of the tirſt Num- 
ber from the Product thereof (which is equi- 
valcat to Divitton) fo you have the Logarithm 
of the fourth Number requircd. 

Example. 
As 61012 : $0216 10432. 

The manner of the Work mult be thus. 

As 6 The Log. of 6, which is — 0,77$151 
To 12 the Log, of 12, which is v,079181 
$0216 The Leg.of 216 which is ——2,3 34454. 


To 432 The ſum of theſe 2 Log. are—3,413635 


From which (ubt. the firſt}  ,_ 
Log. and there wan 2,63 4454 
which is the Log. of 432, which is the fourth 
Termor Number deſired, a+ 


32 Arithmetical Propoſitions. 


Another way to perform thi. 

This work may be ſomewhat ſhortned,if in. x; 
ſtead of the Log, of the firſt Number you take: 
the Arithmetical Complement there, as | 
ſhewed betore Chap, 11.and then add the thre ; 
frſt Logarithms together, and they produc: 
your defired Logarithm, abating or cancelling 
the firſt Figure of the CharaGeriftick. 


Example. 
As 6 The Arith. compl. log. of 6 s—9,221844 
To 12 The Logarithmof 125 — 1,07918! 


So 216 The Logarithm of 216 # — 2,334454 


To 432 Tbe ſum of all three xX2,63548; 
which, cancelling the firſt Figure of the Char adte- 
riftick, makes the Logarithm juſt as before. 


Prop. 6. 
The Rule of Three Reverſe. 


Add the Logarithms of the firſt and ſecond 
Numbers together, and then ſubtra the Log, 
of the third Numbcr out of them ; that which 
remains will be the Logaritho: of the Number 
required. 

Example. If 375 Men build a Wall abow 
8 Park in 72 days, In how many days may 133 
Men make tbe like Wall ? 
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If 375 men, Log. —— ——2,564031 


| Require 72 days, Log. 1,857332 


Sum of theſe try ——- — 4. 431363 
What 133 mtu ? Log. ſubtr. —-2,233852 
203 days. Relt Log. 2.307511 


Prop, 7. 


To find a mean Proportional between two 
Nembers. 


Add the Logarithms of the two Numbers 
together, and take halt the Sum thereof. 


Example. 
© 9 Log. O 954242 
The Numbers givend 6 Log. 1,204120 
The Sum thereof ——— ————-— 2,158362 


The half thereof —,79 
which is the Logarithm of 12, the Mean Propor- 
tional required, 


Prop. 8. 


Fiaving three Numbers given, to find 2 fourth is 
duplicated Proportion, 


Double the Difference of the Logarithms 
which belong to the two Numbers, having the 
lame Denomination : Then if the tixtk Num 

ber. 
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ber be leſs than the ſecond, add that Difference 
doubled to the Log, of the other Number : ſo 
the Sum thereof will be the Log. of the fourth 
Number rcqu1ircd, 

Thus the Swperficial Content of a Circle, whoſe 
Diameter #s 14 Inches, being 154 ſquare Inches, 
the Content of another Circle whoſe Diameter it 
28 Inches, will be faund tobe 616. 


Diameter 14 Inches, Log. 1,146128 
Diameter 28 Incher, Log. ———- 1.447158 
Difference - 391030 
Difference doubled -——— ,602060 
Content given 154 Log. 2,157521 
Content required 616 Log. 2,789 591 


But if che firſi Number be greater than the 
{ccond. ſubtract tue Difterence doubled from 
the Log. of the other Nun ber. 


Diaerer 28 Log. 1,447 158 
Diameter 14 Log. —— — 1,146128 
Difference = —_— _ JyJ$0:030 


Difference doubled-——— ,602060 


Content given 616 ————— ——2,7895 1 


— —— 


Content required I 5h ————2,1" 7521 


Prop. 
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Prop. 9. 


Having three Numbers given, to find a fourth 
in a Triplicated or Cubical Proportian. 


Triple the Diſference of the Logarithms 
which belong to the two Terms which have 
the ſame denomination: Then if the firſt 
Term be leſs than the ſ:cond, add that Sum to 
the Log, of the other Term 3 ſo you ſh1!l have 
the Log. of the fourth Term dcſircd, 

Example. IF a Bullet, whiſe Diameter ts 4. 
Inches, mich g pounds another Bullet mboſe 
L iameter is 8& Inches will weigh 72 pounds. 


Diameter 4 Inches, Log, —— 0,602060 
Diameter 8 /nches. Log, — ©,903090 


Difference — ——— ,201030 


T ifference Tripled ——— .90 3095 
Weight givea 9 pounds, Log. 0 954243 


Weight required 72 ponnds, Log.-—1,857333 

But if the fixlt Term be greater than the fe- 
cond, ſubtract the Difference tripled trom the 
Log. of the other Term. 


Diameter 
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Diameter 8 Inches. Lig. 8. —- ——0.9030g þ 
Diameter 4 Inches. Log. 4, — —— 0,602:6 
Difference —— —4ZOI0g ue 
EY th 

Difference Tripled —.903"9 

Fight given 72 pounds, Log. -———1,8573z 
Weight required 9 pounds, Log. 0,0544 

Prop. 10. 

A Sumof Moxey being forborn for any Numb: { 
of Tears, to find how much it will comen y 
reckoning Intereſt upon Itereſt, according t © 
any Rate propounded, c 
Subtrat the Logarithm of 160 from th Þ 

Logarithm of 1co and the rate added toge & 

therz then multiply their diflercnce by th 

number of years propounded, and add th 0 


Produdt thereof to the Logarithm of the prin 
cipal Sum ſo you fhall have the Logarithn 
of the Total} Sum which the Principal and In 
tcrelt doth amount to all together. 
Example. What will 10901. being let out fi 
51 years, increaſe to after the rate of 6 per Cent 
per An, reckoning Intereſt upon Intereſt for ti 
ſaid time ? 
Firft, Subtra@ 2, 0:0000, the Log. of 10 
from 2, 02503<6, the Leg. of 196 cane 
i 


230g 
D256 
TI Oz 
239 
733 


RE — 


424 
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the Rate propounded) the Remainer 1 0,025306, 
which being multiplied by 3o years, produceth 

,7591805 whlch added to the Log. of 100, 
makes 2,759 189,which is the Log.of 574 35:So 
that it comes 10 574 1,7 5+ 


Prop. 11. 


A Sum of Mony being to be paid hereafter, #0 
find what it is worth 11 ready Momys 


Here the Work is the ſame with that of the 
former Propoſition z only inſtead of adding, 
you mult ſubtract the Product out of the Log, 
of the Principal: So the Remainer 15 the Log, 
of the Sum you fcck tor, 

Example. I/bat is 100). tobe paid 3O years 
hence, worth in ready Mony, after the rate of 
61. per Centum ? 

Here being found the Produdfi, as before, to 
be 759180, ſubtra(} it out of the Logarithm of 
the Principal, which was 2, 000009 3 ſo there 
remains 1,240820, which is the Logarithm of 
17 (411, which fnews the ſaid 100 |. is worth 
but171.8s. 2.3 q. fere. 


Prop. 
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Prop. 12, 


A yearly Rent or Annuity to continue aty nun 7 
ber if years, to find what it is worth in read, 
mony, at any Rate of Intereſt propounded. 


Example. IVhat is 100 1. pcr An, to endun 
30 years worth in ready mo:ry at 6 per Cent. 

Firſt, Take the Log. of 1060 from the Log. » 
106 and the Rate of intcreſt added together, 4 
_ whichis 61, 

Secondly, Multiply this Log. found by th 
number of years which it is #0 continue, whit) 73 
are 3O years. ff 

Thirdly, Divide 100 1. by tne Rate of the In- 
tereſt, which is 6, and it will produce 16,6667: 
take the Log. bererf and add it tothe former Log, « 
which you found, and the Produtd} thereof will 7 
yield the Log. of the Arrearages, nith that ſaid 
Sum far that time. 

Fourth'y, Find out the true Number of thiſ: 
Arrearages, and out of them ſuhtraT the Pro- 
portion 1 part of 100 before found, according t) 
the Rate of Intereſf. Ss you bave the bare Ar- 
rearages for t*at Proportional part. 

Latily, Take the Log, of theſe laſt Arrearages, 
end ſubtra@ from them th: Logarithm found by 
the Multiplication of years (in the ſecond Rite) 
Jo you ſhall have the Log. of the true value of 
thiſe Arrearages in ready mony ; Then add to 

them 
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them the Log. of the Principal Sum ſo yeu ſhall 
have a Log. thetrue Number whereof being found 
ont, and reduced into Pounds, Shillings, and 
Ponce is the worth of the Annuity deſired. 


m_ The Logarithm of 160 2,02 5306 
"% * The Logarithm of 100, ſubtr, 2,00C000 
id Reſts 0,025306 
"mM Which multiplicd by 30 30 
5 þ Ti-lds 759180 
7 Add the Log of 16,6667 1,221829 
- WY; it makes 1,.9810cg 

* Thich is the Log. of 95,7215 part + 

From which ſubtr. 16,6667 

e In: <5 
0 Reſt 79-0548 

'%* The Log. of this Numb. 79,0548 17,897929 


ry Log. found by mult. of years, ſultr. 0.759180 


; Reſts 1,'30749 

”yY Add the Log. of 100 |. 2,000C00G 
J. 

oo So it makes 313879 

1" which 3s the Logarithm of 1376 (4%, which is 

13761. 9 5. tre, 

ge 

4 by 

te) 

7 of " 

4 to 
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In theſe Queſtions it will be convenier: to 
have a Table to reduce theſe Decimal Fracti- 
ons into Eygliþ Mony. 


A Table of Decimal Fraftions for Engliſh Mony, 
the Pound being divided into 10000 partz. 


— — —— — 


\H— 


(h.. Decim ſh. Decim. G | Decim. d| Decim. 
Gn ow a; mo rr rm rms = | wrnren 
IG) 95©O 9. 4500 11] 0458 j:| Ol25 
18, gooo | 8, 40co [10] 0417 '2| 0083 
117! 8500 7| 3500 9' 0375 |1] 0042 
16 8000 | 6: 3000 | 8 0333 Farthings 
5] 7500 5| 2500 7| 0292 |z3] 0031 
114] 7OOO | 4 2000 | 6; 0250 2] 041 | 
[2] 650O | 3| 1500 5| 0208 1 OOIO 
12] 6000 | 2 1000 | 4! 0167 | | 
17] 5500 | 1 ofoo | | 

Ic 5oO0O | | | 


Or elſe you may count thus, The Pound 
or 20 5. being r0e00 parts,  cvcry 2 s. being 
a tenth thercof is 1000 parts, and every ſhil- 
ling 0500 parts, 

For the pence, The ſhilling being 0500, the 
6d. 15 0250, which it you cut off the firſt and 
laſt Figure is 25 3 ſo the two middle Figurcs 
will be equal to Farthings, only x in 25 over. 
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9 Prop. 13. 


The Side of perfect Geometrical Square being 
given, to find the Contents. 


Double the Log, of the fide given, (o you 
have the Log, of the Contents required, 
Sothe Side of the Square being 10, the Lrga- 
”* rithmtheredf iz t,000000, which doubled makes 
2,000000, which 3s the Log. of 100, being the 
Content dbereof. 


Prop. 14. 
Having the two joyning Sides, or Length and 
— Breadihof a Long Square, to find the Coutent 
d thereof. 


5 Addthe Logarithms of the two Sides toge+ 
ther, 

Thus one Side being 20 (25 or a quarter, and 
4 theotber 30 (75 parts, or three quarters, 


« The Log of 20 (2514s 1,306425 
The Log.of 30 (75 is 1,487845 
The Sum 2,794270 


} Is the Log. of 622,69 parts fere, which is the 
Content, Prop. 
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Prop. 15, 


The Side of a Geometrical Square being given, 1; 
make another Square which ſhall contain i; 
2,3, 4, or any Number of times as much more 
or leſs, or according to any other Proportion 


Firſt double the Log. of the given Side, < 
yon have the Content of the Squarc, Tha 


increaſe or diminiſh the Contents by the Pro. 


portion delixed. Then find out the Log, d 
the Contcnts ſo increaſed or diminiſhed, and 
the halt thercof will be the Square Root, 
which is the Length of the Side defired. 
Example. Let the Side given be 10, tbe Con 
tent thereof by Prop. 13. is 100. Let it bere 
quired to make a Square 3 times greater, then i: 


muſt contain ZOO. Now the Logarithm of 30:. 


is 2, 477141, the half whereof is 1, 238570, 
which is the Log. of 17, 32 parts very near. 


Prop. 16. 


in a Right angled Triangle, having the tmi 
Sides making the Right Angle, to find th 
ſhaping Siat . 


Firſt, doable the Logarichms of the two 
Sides, fo you have the Log. of their Square 
leverally z which Numbers being found out 


mull 


$74) 


tht 


w0 
T6 
ut, 
ul 
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muſt be added together by Common Arithme- 

tick, and then find the Log; of their Sum, the 

half whercof is the Log. of the Side dclired. 
Examplc. Let the two Sides given be 30 and 


40. 

Log. of 32,1:477121 Log. of 40,1.602065 
doubled are 2, 954242 and 3,204120 
Which are Log. of 9:0 and 1600 


I} bich added together make 2500 
The Log. of 2500 is 3397940 


| The half whereof being 1,698970 


is the Log. of 50, which is the Root, or Side of 
the Square required. 

In like manner you may find the Diagonal 
or Croſs-line, reaching from Corner to Cor- 


+ Ner of any true Squares 


Prop. 17. 


In a Rectangular Trianzle, having the ffpe 
[ ire, and one of the ſtraight Sides, ts find 
0:4 tbe othcr, 


Square the Sidcs, and (ubtrat the lciler 
Square from the greater Square, and the Re- 
mainer 15 the Square of the remaining S1de. 

Example. Let the ſlipe Side be 50, and oxc 
of the ſtraight Sides 40, to find the other Side. 


C & ko 
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The Square of 50 is 2 $0 
The Square of 40 ts 2 60c 

Which ſubtrafted, there rifts 90 
T be Log. of 9cois 2954241 
The half whereof is. 1.977121 
which is the { og. of 30, and that is the Root 
Side required, 


The like will be performed by the other Side 


Prop. 18. 


Having the two ſtraight Sides of a ReQangnli 
Triangle, to find the Content thereof. 


Add the Logarithms of the two Sides tog; 
ther, ſo you have the Log. of the Content ( 
the whole Square z then take halt that Cor 
tent, and it is the Content of the Triangle, 

Thws the Sides of the Triangle being 3” and 


The Log. of 30is 1,4771! 
The Log. if 40is 1,60206 
The Sumis 3,07918 


which is tbe Log. of 1200, the half whereof 
6Co, which is the Content of the Triangle. 
Or elſe you may multiply one Side by t' 
. half of the other : So 30 multiplied by 20 yie 
6CO, as before» And this 1s the reaſon ot t! 
 mea(uring of all Triangles after this mann: 
by halt of one of the Sides, by the other. 


Prs 
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Prop. 19, 
To meaſure the Content of any Plain Triage 


The common and beſt way is to Tet fall a 
Perpendicular upon the longeli Side, and (© 


; multiply that Side and the Perpendicular to- 


gethcr, the one by the halt of the other, 
Let the long:ſt Side of a Triangle be 25, 
and the Perpendicular ( from the Angle oppoſed 


* thereunto) be 12. Multiply 25 by 6, either in 


Simple Numbers or Logarithms > fo you bave the 

Content of the Triangle. 

Mzltiply25 Log. 1.397940 
by 6 Log. ©,778151 


— _— — 


— C—_—————— 


Content 150 Log. 2,176Cg1I 


Prop. 20. 


By the three Sides of a Triangle to find the 
Content. 


This is another way,though not fo uſeful as 


' the former, Add the three Sides together,then 
1 from the Sum thereof. ſubtra& each Side ſever- 


ally, and note the Differences from the (aid 


; halt Sum of the Sides, Then write down the 


Logarithms of thele four Numbers, and add 
them all together. Laſt of all take half of 
C 2 this 
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this Sum, and -is the Logarithm of the Con. 


tent dehired, 


Example. Let the three Sides of the Triang| 
be 15, 20,25) tyeir whole Sum is 60, the ha; 


od ZN 3O. 


The half Sam 30 Log. I.47712] 
The one Side 15 P£= A 5 1,1760g! 
The other 20Þ>-8..C10 1,0C 000; 
The third 25YNE*=# 5 0,6989' 
The Sum of all four 4.35218: 
The half Sum is 2,1760g 


nhich is the Logarithm of 150, ceing the Cur 
p l 'd Tr; } 
rent of the ſaid Triangie. 


Prop. 2 Ie. 
To find the Content of a Circle the common way. 


Muliiply half the Circumference by ha!f th 
Dtameter. 

Example. The Circumference bcing 44, at 
the Diameter 14, multiply 22 by 7, the Conti 
3ll be found 154. 

This way is moſt exact and ready, provi 
ded the Diameter and Circumference be tri 
known, for which conſult the following Pro 
pulitions, 


Pd 


[; 
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OT: 
Prop. 22, 
La 
haj he Diametcy of a Circle being, given to find the 
Circamf erence, 


og! Examplc. Suppoſe the Diameter given to be 114. 
oo 17,1022 3 

9" othe Diameter 14. to the Circumference 44+ 
-— Ormorccxaicly, As 1, 


18: 03. 14'6, whoſe Leg. is C,497151 
— 0 the Diameter 14. Log. 1,146 128 
Og —— —— 
Cun © the Circumference 1.643279 


hich is the Leg. of 43,992, which is almoſt 4.4, 
's the common way. 
The inoft exac Pronortion of the Circutn-" 
rence to the Diamcter is that of Van Ceulen, 
"ay. 'ho makes it as x to 3,14159,26535 89793, 
3846, 26433, $3279, 59288, but the tui- 
{th ter Rules will fcrve in molt Operations. 


at. | 
Prop. 23, 
444 
 Uiving the Diameter of a Circle, to find the $#- 
OV! perfictal Content. 
ru 


Pro 17,t9 22: 
0 quare of Semidzarscter, to the Content. 
So Jet the Semidizmitcy be 7, the Square 
x05 ereof- is 49, and the Co-1ont 1 54s 
C 3 Or 
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Or «lſe ſomewhat more Artificially anc 
Exact:y, 
As 1.to 3, 1416, whboſe Log. is 0,497 5! 
So Squa. of Semid. 7. $4.49) Log» 1,6901gi 


To the Log. of the Content. 2,18734; 
which is the Log. of 153, 94 parts, which i 
ſomewhat more exa@ than the other. 


Prop. 24+ 


T be Circumferente of a Cirele given, to find th 
Diameter. 


As22 107: Sothe Circym. to the Diameter, 
Or, 4s 1,10 0,3' 83,whoſe Log.is — 0,502837 
Sozbe-Cireumferouee to the Diameter. 


Prop. 25. 
By the Circumfercnce to fiad the Content. 


Ar 4times 22, which is 88. to 7: 

So the Square of the Circumf. t9 the Content. 
Or. As 1,to 0,0796 whoſe [,op.is --— 1.90091; 
So the Square of the Circamf. to the Contcut. 


Prop 


Pm 2 Hh ov 


anc 


' ie! 


19 
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P, OP« 26, 
By the Content of « Circie to find the Diameter. 


4j22,to4 tices, whichis 28: 

$0 the Content, to the Square of the Diameter. 
Or, As 1,401, 27324, whoſe Log. is 0, 104910 
$9 the Content tothe Square of the Diameter, 


Prop, 27. 
F'y the Content to find the Cirenmfcrexce, 


A1 7, to 4 times 22, whichir 88 : 

$9 the Content t0 the Square of the Circumf. 

Or, As 1, to 12,5654, whoſe Log. is 1,09821 3 
Fo the Content to the Square of the Circumfe 


Prop. 28, 


By the Content of a Circle, to find the Side of 8 
Square equal to v1, 


ExtraQt the Square Root of the Content, 
by taking hait the Logarithm of the Con- 
kent, 


C 4. Prop, 
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Prop. 29. 


By the Diameter of a Circle, to find the Sidei - 


the Square equal to tbe Circle, 


As 1,to 0,886227, whoſe Log. is —0.947 545 
$o the Diameter to the Side of the Square, 


Prop. 30. 


By the Diameter of a Circle, to find the Side 1 
the inſcribed Square. 


As 1, ta0,707107, whoſe Log. is —0,849485 
$9 is the Diameter to the inſcribed Square. 


Prop. 31. 


By the Circumference of @ Circle, to find th 
Side of a Square equal to the Circle, 


A510 0, 282093, whbiſe Log. is — 21450392 
Soube Circamference to the Side of the Square, 


Prop. 32. 
Having the Circumference of a Cirele, 19 fins 
tve 87de of the Inſcribed Square, 


As 1 to ©, * 25079, whoſe Log. is —0© 352334 
Fo the Cirenmference to the Side, Oc. 
Prop, 


A 


\ 
« 


ar o 


545 


de i 


4 
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Prop. 33s 


1 = <—"— 
As 1 to 0, 785398, wiſe Log is - C 9506p 
5o the Proportion of 1he Square drawn abut tht 
Circle, to the Circle included therein. 


Prop. J 1. 


As 1, to 1,273249, whoſe Log, is —0,1C4910 
Sothe Proportis4 of the Circle draryn abocit ihe 
Square, 10 the included Square. 


Prop. 35. 


Having the Axis or Diameter of a Globe, to find 
te Supcrficial Content. 


Maltiply the Diameter by the Circumte» 
Tonce. 

Orciſe, As 7 to 22, 
Sg the Square of the Axis, to the Subrficial 

Content. 

7,22 :: Sg. Axis 14 (196 G16, 

Oc «lle, 
As 1.10 3,14" 6, whoſe Loz. is 0.49 7 '57 
So the Square of the Axir, to the Sup 

Content. 

3 3,1419 ;:$q. Axis 14 (106; C1, 75 


in -( 


+ 5 Peor 
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Prop. 36. 


By the Circumference of a Globe, to find the Su- 
perficial Content tbereof. 


As 22,107 

So the Square of the Circamference tothe Super- 
ficial Content. 

Or, As 1,10 0,3: 83, whoſe Leg. is — 0,502837 

So the Square of the Circumf. ts the Content. 


Prop. 37: 


F'y tee Axii or Dizmeter of a Glob-, to find the 
Solid Content tbercof. 


As 6 times 7,wwbich makes 42, to 22 

Sethe Cube of the Diameter to the Solid Content 
of the Globe. 

Or, As1190,5236, whiſe Log, is —© 718999 

So i5 tbe Cube Diameter, to the Soliduy. 


Prop. 38. 


Fy the Cireumference of a.Glabe, to find the Si 
lid Content.. 


Hs 1.10 0, 016887, wb:;ſc Log. i5—1,22755? 
So 19c Cable of the Circumf. t3 1h: Solid Content. 


Prop. 


the 


EH} 


99 
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Prop. 39. 
rowing 1h? Solid Content of a Globe, tg make 
a Cube equal to the Globe. 


Extract the Cube Root of the Solid Ccn- 
tent of the Globe, which is done by taking a 
third part of the Logarithm of the Solxd Con» 
tent of the Globe, 


Pr0p. 40+ 


Ry 1he Axis of a Globe, #0 make a Cube equal t5 
the Solis Content thereof. 


A, 1,2 0, $0574, whoſe Log. is — © 906357 
Eo the Axts, 16 1he Cube Roots 


Prop. 41. 


by the Circumference of a Globe, to make a 
Cube equal to the Solid Content thercaf. 


Ar1,t1 0, 256556, wheſe Log. is —0,409182 
So the Circumference, to the Cube Root, 


T0. 4 2+ 
By the Axis of a Globe, to make a Square equal to 
toe Superficial Content of the Globe. 


A - : -— 
pa "2 to t.77 24J4z nhſe Log. If —O 2 4857 5 
90 tve Axis, 26 1the Souare Root. 


DynD.. 
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Prop. 43. 


By the Circumference of a Globe, ta make a Sq, 
equal to the Superficial Content of 1he Globe. 


As 1, to 0.561189, whoſe Log, is — © 751424 
3o the Axis, to the Square Root, 


Prop. 44- 


To meaſure the Superficial Content of the balf of 
a Circle, or of any Section of a Circle more or 
lefi than the half. 


Multiply half of the Compals thercof by 
#hc Scmidiameter of the Circle. 

Exampic. Suppoſe a Circle, the Diameter 
thercof bring 14 ſo the Scmidiameter is 7, and 
the Compaſs of the balf Circle will be 22 5 and 
the Content of the ſaid half Circle as required. 

Multiply half the Comp 2{s given which is 11, 
by th: Scmid5ameter 7 3 ſo the Content is found 
10be77. 

Tc like Rule holds for any part of the Cir- 
cle, more or Icfs than the halt, where the Se- 
miciameter is given ; But other Sections of 
Circies cinnot well be found, without the 
12;ameter b& hiſt found, 


P:0p. 


Ta 


oy © Q_ = 2 


| Y 


Tc 
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Prop. 45. 


« To find the whole Diameter of 4 Circle, by know + 


ing a part thereof, ard the length of the Chord 
croſſing the Diameter in that part. 


Let a ſmall part of the Diameter be 4, 

and let the Chord interſeding is be 127, 

Square one half of the Chord, which is 63, 

that is, multiply it by it (clf, or double the 

Log. thercof, and it produceth 403 which 

divide by 4 the part of the Diameter given, 

and there reſts 103 which added to the (aid 
part, (hews the whole Diameter tobe 14. 

This Rule holds either for the Scion of 
the Circle, or tor the Section of a Globe, 


Prop. 46. 


Jo find the Superficial Content of the Segment of 
a Globe, 


find the Diameter, as in the laſt Problem 3 
then find the Content of the whole Globe 
thereby, as in Prop. 33. and then ſay. 

As the whole Diam. 1 4, to the Superf. Cont. 616 
So part of the Diam. 4, to Content thercof 17% 


Prop. 
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Prop. 47+ 


To meaſure the Content of the Scgment of a Circh, T, 


Meaſure the Chord A B 12 ;- and the Pe 
pendicular D C 4, and multiply the whole 
the one by two thirds of the other, This wi 
come very near, as you may [ce in My Par 
chaſers Pattern. 


Prop, 48. 
To meaſure an Oval Superfictcs. 


M.iltiply the Length of the Qval by th: 
Breadth, and divide the Produdt by 1,2732: 
whole Log, is 0,104910, and the Atitihnicl 
cal Complement thereof 9 895090. 

Or by way of Proportion, 

As 1,*7324, tothe Length : 
So the Breadth, to the Content. 

Example. Let the Length of the Oval Le <c 
end the Breadth 35, WWhatis the Content ? 

As 1,27324, Arith Compl.Log. 9,09 5cg 


To the Length 40 Log. 1.62060 
So the Breadth 30 Log, 1.477121 
To the Superficial Conte 12 674271 
which canceling ibe Radius, is {6 1.07, of 
94248 parts, 


, 
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Prop. 49+ 


To meaſure a Polygon, or a Regular Superficies- 
that bath many equal Sides, 


Multiply half the Compaſs by the Length 
of the Line drawn from the Center ſquare- 
wiſe, to the midſt of any of the Sides. 

Examp. Let the Polygon have fix equal Sides, 
each 24 long, the Line, drawn from the Center t9 
any of the Sides ſquarewiſe,will be 2 1 tee: So balf 
the Compaſs will be 3 times 24,which is 72 5 this 
multiplied by 21, makes 1512 for the Content. 


Prop. 50. 


To find the Superficial Contcnt of a Cyliader 
by the Diameter. 


Ar7Tt122,0r, As 1103, 1416: 

Sy the Diameter and Length of tbe Side mnlti- 
plied together to the Superficial Content of the 
out ſide of the Cylinder, beſides the two Baſes, 
Example. Let the Diameter be 7» the Side or 

Length 1 2, which multiplied make $4 
Az 1.40 3,1416: :; So 84 to 263, 89- 
Orelſe you may work it ſomewhat more 

readily by Inſtruments, 

At 0, 319308, to the Diameter 7, 

So the Length 12, tothe Content 264 fere, . 

An 
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And by the Tables, 
As 0.318308 Arith. Compl. Lig. 9445715} 


To the Diami tir 7, Log. 0,94509) 
So the Lengi' 12, Log, 1,079181 
To the C6:1t- um 263 \3g. F1.421430 


from which the Radius being ſubtraQed, then 
remains the Log. of 263,89 parts, as before. fy 
the Content of the rouud ont-fide, wet reckoning 
the two eds, which you may find by the Prepur 
tou of the Diameter to the Circle. 

But the belt and plaineſt way 15 by the Cir 
cumference, which b:ing multiplied by the 
Levgth, gives the Superficial Content, adding 
the two ends thercunto. 

Sy the Compaſs being 22, maltiplied by 11 
make 264,withut farther trouble,befide the end! 


Prop. 51. 
To find the $ilid Conteut of a Cylinder. 


Firſt, fine the Content of the Baſe, by th: 
Rule of the Circlc,or Diametcr, or both ; then 
multiply the Content thercot by h- Length, 

Examplc, Let the Cylinders Piznetcy be? 
and the Length 12, the Crutcnt of the baſe wil 
be3Sz fereyviz. 38,4545, which multipli.dby 
12 macs the Solis 1 Content 451,914 parts. 


Prop. 
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Prop. 52+. 
To find the Superficial Content of a Cone. 
Multiply the whole Side by half the Com- 


paſs of the Baſe, adding the Plane of the Baſe 


thereunto. 
Example. The Compaſs being 22, the Side 
125 12 multiplied by 11, which is balf the Com« 


paſs, yields 132 fer the Superficial Content of 
theout ſide, without the Baſe. 


Prop. 53+ 
To find the Solid Content of a Conts 
Firſt, by the Compaſs find the Plane of the 


- Baſe; then multiply it by a third part of the 


Height of the Cone. 
Example. The Compaſi being 22, and the 
beight 12, for the Content. 
Firft, for the Content of the Baſc, 
As 12,56637,Log.Compl. Arith., $,920790 


To the Circumference 22 Log. 1.342422 
So the Circumference 22 Log, 1,342 422 
To the Content of the Baſe X1,585634 


which cancelling tbe Radins, it is the Log. of 
35,5153 3 whech being multiplied by a third part 
of the Height which is 4, makgs 154,0612 parts. 

Here 
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Here you muRt oblerve, That the Height of 
the Cone is not the length of the tide line taken 
on the oat-lzde, from the Baſs to the (hay 
Point chercof 4 but the Line that falls perpen- 
dicularly, from the ſharp Point, to the Cen- 
ter of the Bait, all along through the middle 
of the Cone, which cannot well be meaſured, 
but may be found out by the Semidiameter 
£32 Baſe, and the (ide or flope-line on the out- 
fide, by the Rule of the Square, as in Prop.16, 


Prop. 54+ 
To meaſure a Pyramide. 


You mav obſerve here, That a Pyramids 
differs from a Cone in this refpe&, That 
Cone hath always a round Baſe and Superfi: 
cics, like a Sugar loaf 3 but a Pyramide hathan 
Angular Baſe and Superticies, of 4, 6, 8, or 
any number of Sides. To mcaſure this there- 
fore, you muſt firſt find the Superficial Con 
tent of the Polygon at the Baſe, as in Prop. 47. 
then multiply that by a third part of che 
Hcight, 

And here atio the Line of the height cannot 
be meaſured on the out- ſide, but muſt be found 
out by the Line drawa from the Center of the 
Baſe iquarewiſe, upon the middle of one of 
the Sides of the Polygon,and-then trom thence 


up the middle of one of the Sides, to the Culp 
of 


”_ -< = A 
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ka 
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or Point at the top. By theſe two Lines you 
may by the Rule of che Square, Prop. 15+. had 
the inſide Line of the Height, and fo tind out 
the Solid Content thercot, 


THE 


Uſe of Locaritius 


IN 


TRIGONOMETRY: 


= FFErcin indeed confiſts their moſt frequent 
H and moſt excellent Uſe ; For as Trigo- 
nometry is neceſſary in moſt parts of the Ma- 
thematicks, ſo it is omwhat difficult and te- 
dious to be performed by Natural Humbers 
ard Arithmetick. And though many Mathe- 
maticians have found out ſome helps therein, 
by avoiding Diviſion in many Operations 3 
yet none comparable to this of the Logarithms, 
For, firſt, theſe Artificial Sines and Tangents 
are found as readily as the Natural Sines and 
Tangents, which mult be found out by Ta- 
bles, it being impoſſible for any to keep them 
in memory : And then being found out, they 
are aScalily tranſcribed. And laſtly, the Ope- 

ration 
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ration is abundantly more ſpeedily and certain. 
ly performed by them; becaule here is only! 
ne:d moſt times of the Addition of the two 
found Numbers together, or at moſt but a 
SubtraRion of a third Number from their Pro. 
duct, or inſtead thereof, an Addition of three 
Numbers together. 
Trianglcs are either Plain or Spherical. 


t. Of Plain or Right-lired Triangles, © 


Ere, firſt, take a few general Rules a- 
bout them. 

I.A Plain or Right-line Trianglcd is a Plain 
or Superticies contained or comprehended 
within three Right or ſtraight Lincs, joyned 
together with three Angles or Corners. 

2, Theſe Plain Triang)c are cither Right- 
angled that is, having, one Right Angle, as 
Fig. 1. ABC; or clie Obl que: Angled, that 
1s, Without a Rigl1t Angle, as Fig. 3. ABC, 
having 1! the three Angles cither Acute, that 


1s, les than go deg. or clſe one of them Ob- 


tuſe, that is, more than go deg. 

3. In citicr ſort of theſe Trang!cs the 3 
Angles arealw3ys equal to two R'gint Angles, 
that is, 180 & 7. | 

4. Ina Righi-angled Triangle, the Right | 
Angle being alw-ys 90 deg. the other two An- | 
gles mike a)ſo ju'lt 90 deg. in fuch manner that ; 
one is the Complement or Co-tine of the ? 

Othicr1 | 


Fig: 4 


betweene page. 62:67 
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other 3 ſo that one of them being known, the 
other is allo known. 
5. The Lines about the Triangle, fome call 
them Sides, ſome Legs: Butin Right-lined 
Triangles, for better diltinction, it will be belt 
to call B A, the bottom-linc, the Baſe; CA, 
the upright-line, the Cathetus or Perpendicu- 
larz and BC, the ſlope-line, the Hypotenuſe, 
6, Every Triangle hath fix parts; that is, 
three Sides and three Angles3 and thele are all 
; proportional one to another : fo that any three 
of them being known, the other three may be 
found out, unicls it þ: the three Angles of a 
Plain Triangle, which only (thews the Propor- - 
tion, but you may make the Lines what length _. 
you will, I 
7. The Sines of the Angles are proportio- 
ral to their oppotite Sides 3 and the Sides are 
proportional to the Sines of their oppolite An- 
glcs. 
£2 Mark this Rule well \ for you will find 
it of great uſe, as you ſhall ſze by theſe 
following Prop:ſittour, 
8. It any Angle exceed 90 dig. ſubtraft it 
out of 1$9 d. and work by the Sine thercot, 


Prop, 
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Prop. 55. 


Two Avgles and one Side of a Rizht-angled Tris 
angle biing given, to find the otber Side 
and Angle. 


Example. In the firſt Figure, in the Right: 


angled Triangle BA C, the Angle at A benny, 


known to bea Right Angle, or yo deg. and the 


Anglc at B being, known to be 36 deg. 52 min 
12 ſec. and the Side B C being known to be 
350 Inches, Feet, Tards,Poles, Miles, Leagues, 
" orany other kind ot Meafurez How mayl 
find hereby the other two S:des, and the other 
Angle ? 

Firſt, to find the Angle unknown, which 
is the Angle at C, you mult remember the 
fourth Rule betorc-going : And (© this being 1 
Right-angled Triangle, the Angle at C is the 
Complement or Co-tine of the Angle at B, 
Take therefore the Angle B 36 4 52 m: 12 ſec. 
out of gO deg. and there relts for the Angle at 
C534. 7 m. 48 ſec. which is the Co-fine of 
the other Angle. 

Secondly,to tind the Side C A,your beſt way 
isto work by its Proportion to the Angle op- 
poled thereunto at B, according to the ſeventh 
Rule, for this is a general Rule in all Plain 
Triangles. 


At 
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As the Sine of any Angle, 
To the Parts of the Side oppoſed thereunto : 


' Sois the Sine of any other Angle, 


To the Parts of the S1de oppoſed thereunta. 
And (o on the contrary, 
As the Parts of any Side, & c. 


So that in this Triangle B A C, having the 


* SideBC 350,oppolcd to the Angie at Agod, 


you m1y thereby find the Side A C, which 1s 

oppoſed to the Angle at B, that Angle being 

known to be 36 4. 52 m. 12 ſec. For, 

Ar the Radius or Sine of the An 2 12,00007 
eleat A 90 d. 

To the oppoſite Side BC 350 2.544068 

Sois the Sine of the Angle at B 


36d. 5293.12 ſec. 9.779151 
Jo the oppoſite Side AT 20 x2,322219 


Add the ſecond and third Numbers toge- 
ther, and from their Sum fubtratt the fiſt 
which becauſe it is the Radius, it is done by 
cancelling the firſt Figure x 3 lothe Remainer 
151,322219, Which is the Log. of 210 for 
the Side deficed. 

Thirdly, By the {xme Rule you may find 
the rcmaining Side B A, which is yet un- 
known, by its Proportion to the oppolite An- 
gleatC, which was faund to be 53d. 7 m. 


48 ſcc. 
As 
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As the Radius or Sine of 90 d. 10,000 4, 
Tothe Side oppiſcd BC 350 2,5440 
So the Sine of the Angle C 53 d. i 
Cot Lot 
7 Ms 4.5 ſec. £ FFI Got 


which cancclling the R 2dins, the Remainer it 1 
Log- of 289, for the Side BA, And thus ye! 
have tound all the fix parts of the Triangle, 
Prop. 56. | 
Two Sides and one Angle of a Right-angled Tri - 
angle being given, to find the reſt of the Pan, 
of the ſaid Triangle. 


; 
It the Angle given be oppoſcd unto eitherd or 


the given Sidcs, you may work by the Propor. 


tion of the oppolitc Sides and Angles, For, 
As the Parts of any known Side, ' yo 
To the Sine of the Angle oppoſed thereunto ; PE 


So the Parts of any othcr Side, 
To the Sine of the Angle oppoſed thereunto. 
Example. In the Triangle ABC, Fig. 1, 7, 
Let the two given Sides bc A B 2895, and BC 
350, which Side B C is oppoſcd to the Angk 
A, bcing know to be 90 4, 


Firſt, To find the Apgle at C oppoſed to 
the Side A B, : al : 


A 
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4; the Side B C 350 Log. 2,544068 
FO EO - 
col Totbe oppoſite Angle A 90 d. 1 0,000000 

So the Side A B280 2,447158 
'J Szm 12,4471 58 
Yo — 


"gy To hy hs of the Angle C 53 *Z 51903090 
7 min. 48 ſec. 
Add the ſecond and third Numbers, and 
* from the Sum thereof ſubtra& the firlt, the 
1 Remainer is the Since of the Angle delired, 
"a: which is 53 d. 7 m. 48. 
Secondly, Now this Angle bing known, 
the Angle at B is the Complement thercof, 
-IC. which i$36 4.52 m. 12 
PO! Thirdly, For the Side C A, having found 
the oppolite Angle at B to be 36 d. 52 m. 12 
| you may beſt find it, as beforc, in the laſt Pro- 


'* polition. 

[ pg iy Sine of the An-Q _ 0.000088 
b k To the oppoſite Side B C 3 50 2,544068 
So it the Sine of the Angle at B ; 
ngl 36d. 52m. 12[; PT JO15! 
a0 Tothe Side AC 210 x2 322219 


You might have found it alſo by the Side 
AB, and the Angles Bard C; but to work by 
4 the Radius is forewhat the readier way. 


D P:0Þ. 
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. 
Prop. 57. As 


Ta a Right-angled Triangle, the two Sides i/ ; 
cluding the Right Angle being given, to fi Ti 
the reſt of the Parts of th; Triangle. $1 


Example. In the Triargie BA C, Fig. 
Suppole the Side B A to bc 280, ard the Si. q,, 
AC tobe 210, and the Angie A between thi 
to be a Right Angle 93 deg. to find the oth g , 
parts of this Triangle. A, 

You may make «1 her Side the Radius: 
we will {uppolc the Side BA to be the Rat q, 
us; ſotheSide A C is the Tangent of the 4 g, 
gle at B3 the Angle at Cisthe Complemy 
of the Anglc atB; and the Side BC bs t 
Secant of the Angle B, or elſe may be tour o, 
by the Rule of Oppolition. | 


Fiilt (Oo fhnd the Angle B, the 
As the one Sidle B A 280 Log. 2 4475 as. 
is 

T» the «ther Side A C210 2.3222" th 
S is the Radius gO deg. I0,CCOM of 
* Th 

Sum 12,322 Th 


Ta the Tang. of 36 d. o2mM 12 ſec. 9,* 750 IW 

witici1 i5 the Angle at B the Compteme 

whereof being, 53 deg. 7 min. 4 ſee. 156 T} 

Anvle at C, Th 
- Tix 
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Then for the Side BC, 
As the Sine of the Angle B 364 


| $2 min. 12 ſec. 9.778151 
Ps 17 FO 
0 fii'Tq its opp"ſite Side A C 210 2,322219 
So the Kadius, or go deg. 10,000CO09 
Ul Sum 12,322219 
| Y To its oppoſite Side BC 350 2.544068 


mn Or you may hnd the Stde 6 C, as it isthe 
tl? $.cant to the Angle B. 


: At ibe Radins, or gO deg, I 0,000000 


— 


Nc To the Side B A 280 2.447158 
© I gy the Secant of the Angle B 30% 10,C,06910 


TT d. 42 m. 12 ſec. 
of 


— ——_—_ 


our To the Side BC 350 X2,544068 
It you want the Stcant, you may hid itby 
the Arithmetical Complement of the Coline, 
/') as Chapter 11. 
— _Orelfe you may ſquare the two Sides, and 
22' then add them together, and the Square Root 
SC? of the ProduQt will be the ſloping Sid: BC. 


— 1 be Square of 280 is 78400 
2% The Square of 2109 is 44103 
54 Waidh added togerber make | 122500 
me! _— 
5 & The Logarithm whereof is 3.088156 
Th The half whcreof 3s 2,544068 


D 3 which 
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which is the Log. of 350, the length of the th: 
Side BC. And thus you have all the Py 
oft this Triangle, 


Prop. 58. 


In 8 Right-angled Triangle, two Sides being 19 
ven, including one of the Acute Angles, 


find the other Parts of the Triangle. 


Example. In the Triangle ABC, Fig. 
Let the Side A Bbe 280,and the Side B C 35 | 
and the Angle included between them 36) 


52 mM. 12 ſec. to find the other Parts, of 
Ficſt, the Angle at A is a Right Angle, le 
90 deg. | b 


Secondly, The Angle at C is the Comy! \,: 


ment of the Angle at B therefore itis 53 
$ M 
7 m.40 ſec. 


Thirdly, Theſe being known, the Side a 
C may be tound by the Angle Boppolcd the 
unto, as before. ny 
Arthe Radins go deg. I 0,000G þ, 
To the Side oppuſed BC 350 2544 (, 
So the Sine of the Angle B36 4 C 9.7781 T 

52 Ms. i2 ſec. [F 
Toth? Side AC 2106 x2 ,52221 Ti 


Theſe are molt of the Caſes of Riy# $e 
angled Triangles; or to theſe Rul 
they may be all reduced, = 

# 


7T 


e thr 
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Prop, 5g. 


. , Two Angles of an Oblique Triangle being given. - 
; ol and a Side oppoſed 10 either of them, to find 
'n' therdt of the Parts thereof. 


Fi, Example. In the Triangle ABC, Fig. 3+ 
\ 5 the Angle at A is 30, the Angle at B is 45, 
* 35 .nd the Side BC is 2900. To find the reſt 
3" the Parts of this Triayg/e. 
le, Firſt, To hnd the Angle C, it is the Com- 
)\plement of the ether two Angles to 1803 for 
the three Anglcs always make 180 d. as ia the 
third Rule : So that theſe two Angles, A bcing 
3 30d.andB 45 d. being added together, make 
1, 75 4. and thcir Complem:nt to 180 being 
Py 105 dep. is the Angle at C, 
Secondly, The Angles b:ing all thus known, 
the Sides unknown may be ſound by their 
© Proportion to their oppolite Angles, as be- 
+* fore 3 for the Proportion holds alſo in thcſe. 
81; Thus tofind the Side A C, 
Arthe Sine of the Jugle Azod. 9.698970 


221 To the Side oppſed 10 it C B 2900. 3,462398 
So the Sine of the Angle B45 d. 9.849485 


mp: 


the 


OC\ 


Igit 
"fl Sum of ſecond and third 13,311883 
| Tothe oppoſite Side A C 4101 3.612913 - 


D 3 In - 
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In ſach Cafcs as theſe, when you have a $4, 4, 
or Tangent in th: hiſt place, you may wurkt qu 
the Aiithmetical Complement thereof, and| g, 
lave the Subtraction, as 1 ſhcewed Chap. !: 
And fo I ſhall do in th: fellowing Operation qg 

Thi:d!y, Then to fiad the other Side At yh 
by the oppoſite Angle at C, which is 105. | 

Here becauſe the Angle excceds 90 deg. yi wh 
mult work by the Complement to 180, whic the 
1575. the 
As the Sine of A 30d. Arit. Comp. 00,2010! 

To the Side oppeſcd t9it C B 2900. 3,4623g 
So the Sine of C 105, viz, Sine 75. 9.9849, 


Tr 
To the Sideopp.ſed AB 5602. x3,7483) 
Thus have you all the Parts of the Triarg! 


P; OP. 60. 


Two Siles and an *ngle oppoſid t9 one of tho 
beiag given, to find the othcr Angles andi. 
thind Side. 


OO Þ» 3» 


This is bat the Converſe of the former; fb p 
the Sides and Anylcs have a mutual propoii 7 
ON orie to £10 OttNTT, ( 

Example. In the Triangle A BC, Fis. 3. 
tie S1.les viven be AC4 o1. and CB yu ÞF 
wackeunto the Argie oppoſed is A30d.tt | 
hd tiiz Angir Þ, 
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a di, #r the Side A B 2900 Comp. Ar. (6,537602 
IKE Tothe Sine of the opp. Ang. A30 d. $,698970 
andl Sythe Side AC 5 iO! 3 612990 
P. 4 
ion. qo the Sine of the oppoſite Ang. B x9,849462 
: Al which is 45 dey» : 
5- Now the Angles Abeing 30d. andB 45 4. 

7.0 which make 75, the Angle C muſt be 105 4. 
vlic the Complement to 180,and the Side oppoſed 

thereto 5602, as was found bore, 


239 Prop. 6's. 


— Two Sides of an Oblique Triangle, with th? An- 
837 gle contained betwecn them, boing given, to 
rg: fiad the other Angles and Siae. 


In the Triangle ACD, Fig. 4. let the Side 

ACbe 4101, and the Sive A D 5602, andihe 

the Angle between rhem at A304, ard 1t 15 rc- 

dil quired to tial the other two Angles, and the 
Sid: CD, 

To clolve this O-lique Triangle. tis a good 

; fi plain way to part it inco two Rightangled 

Dt Triang!.s by lifting fall tne Purpendicular 

CB from the Angle Co To pcrtorm which, 

 Firit For the Right Angle ABG, you 

x00 have the Hypothenuſal AC 4101, and the 

ft Angleat A 30 deg. Fherelo:c as 10 Propyſuics - 

55. by tic Rule of oppolite Propostion, 


Fj D A. Ag 
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AiB go deg. to AC41o::; 


So A 3Odeg. toCB2ogr, bas 

And again, has 
ArBg>degg.to ACq1o:: hey 
SoC 60 deg. to AB 3557. / 


Thrus you have all the Sides and Angles of th you 
une of theſe Triangles A CB. "[ 
Secondly, For the other Triangle, whichi 
CBD, (ubtrat the Side AB, which w; 
found to be3551, from the whole Line AD 
that is 5602 and there rcſts 2051 for th 
Side B D: And thus you have the two ſtraigh H. 
Sides of the Triangle C B D, viz. CB 2051 
and BD 2051: And fo you may, asin Pry 
57. find the Angle D by Tangents. 
4s BD, toBC:; So Rad. to Tang. D 45l th 
Laſtly, For the Side C D, by oppoſite Pro 
portion, T 
AiBC, toDa454d:: SoBgod.to CD 290! 
Another way to perform this. 
Take the Sum of the twop# Side AD 56c: 
Sides, and the Diſerence Side A C gi1ol 
ot th:m, and work thus, 


T 
T 
Sam 970 f 
J 
d 


T iff. 15ol. 
2 $124 \ mM 9703, Log Ar. Com. 6,0130c9! 
Fil, ay Uiff. of tbe trr9 Sides I5JO1 3,1 7620 
3) Tag. of ; Angles nnkn. 75d. 10,57194] ' 


To Tang. of Diff. of Angler 30 d. 19.7519 
Th 


| ks | 


# 
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[This added to half the Angles un= &d. m. 
known, ſhews the greater Angleto 75 © 
be 105 4, and ſubtracted fromit, 30 © 
ſhews the leſs Angle to be 454. om. 
And thus having all the Angles, 1c5- © 

'& you may find the unknown Side c—_ 


*CDby its oppolite Angle at A. - 45' © 
[ 


ch 

Wi 

A D Prop. 62+ 

th: 

igh Having the three Sides of an Oblique Triangle, 
d51 to find the Angles. . 

Pri 


In the Triangle 'A C D, Fig. 4. Suppoſe + 
5 6 the greater Side A D be 5602 


The two lifſer FAC 4ior + 
20! Siles - CD 2900 ' 


6c! The Sum-of theſe two- 7001. : 
10! The Diflerence of them r201._ 


70; Ai the greateſt Side $5602 co. ar. 6,251657 © 
— To Sumof the 2 leſſer 7001 . 3,845160 
)0l. So the Differ, of thew 1201 . 3,079543 


91 To @ fourth Number 1501 - x3,176360 
4 This 1501 isAE a part of the greateti 
—- Side, which bcivg ſubtracted from it, the, 
þ21 Ds - Perperi - 
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Perpendicular will fall in the middle of t 
Remaincr thcreof, and fo part it into ty 
Rigtit-angled Triangles, 
I bus the greater Side A D being 560 
1be Part to be ſabiratied A E 150! 


There remains ED 410] 
The haif whereof s D B 205 


which is the place where the Perpendicul 
(B falls, and is the Baſe of the lefler Trian 
vl} DBC., And this ſubtrafted from the 
greater Side, leaves 3551 for the Bale of thi 
greater Triangle ABC. 

Now having theſe two Baſes of theſe tw 
Triangles, and their Hypotcnu'as 4101, and! 
2gCc given before, you May by the Ruled! 
Q; pulitc Sides to their Angles tind all the An: 
IS, | 

1 Inthe Triargle ABC, 

As AC 4101, tnB go drg. 

SoAB3558, to C60 deg. 
Thc Corr-plement whercot is the Angle A 30d 

2, Then in the Triangle CBD, 

As CD 2900, ts B go dep. 

$0BD 2050, 31» C 45 deg. | 
Who.c Complement is the Angleat D 45 4. 

Thus in the t!xſt Triangle AC D, we have 
found the Angle at A to be 30 4. the Angle at 
D to be 45, and the two Angles at C tobe- 


60d. and 45 d, that isin all 105 &, 


Of 


of thi 
0 ty 


560 
150 
410} 
205 
dicul 
Tran 
"m the 


of tht 


ele two 
1, and} 
Rule of 
he An- 


A 30d 


45 & 
1e have 


vgle at 
#4 tO be- 
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27 


SPHERICAL I RIANGLES. 


Ere likewiſe you may take a ſew General 
Rules for the bettcr undciſianding theſe 

| Triangles. 

1, Theſe Spherical Trianglcs confift of fix 

{ Parts, that is, three Sides and tirce Angles; 

| any threc of which being known, the re(t may 

be found out, 


2, Thc three Sides of a Spherical Triangle 


; 


4, 


| are Parts or Arches of three Great Circles of a 


Sphere, and as Plain Triangles are mcaſurtd 
by a M:afure or Scale &f Equal Parts, ſo theſe 
are tO be mealured by a Scale or Arch of Equal 
D-grecs, 

3 A Great Circle is any ſuch Circle as divides - 
the Sphere or Globe into two cqual Partszas the 
Equinoctial, the Ecliptick, the Mzridians, &c. 

The Sum of the Sides of a Spherical Trian- 
gle are Iſs than two S:micircles, 

5.. The Sum of the three Angles of a Sphes« 
rical Triangle are greatzr than two Right An- 
g'cs, but leſs then fix. 

6. A Spherical Triangle is either ReQan- - 
g ilar, os an Oblique-ar:g:irar Triangle, 

7, Late 


78 Of Spherical Triangles. © | 
7. The Sines of the Angles are Proportio. 


nz] to the Sines ef their oppolite Sides z an{} 


on the contrary, the Sines of the Sidcs ar; 
f roportional to thiar oppotire Angles. 
e. Io Right-angled Triangles, the Side op: 


poſite to the Right Angle is called the Laſe; 


the cther two are called Sides or Legs. 


9. A Perpendicular is part cf an Arch of 4 


Gieat Circle, which, bing let fall from any 
Angle of a Triangle, cuts the oppoſite Side 
of the Triangle at Right Angles, and fo parts 
the Oblique Triangle into two Right-angled 
Priangles, And thife two Parts cither of the 
Side or Angle, fo divided, mult be ſometine 
added together, and ſometimes ſubtracted 
from each other, according as the Perpendj- 
cular tails within or without the Triangle. 


b— 


Of Right -argled Spherical Triangles. 


Prop. 63, Caſe 1. 


The Baſe and one of the Oblique Angles being 
known, to find 1he Side oppoſed to that Angle. 


In the Right-angled Triavgie ABC, A re- 
preſents the EquinoQial Point, A'B is an Arch 
of the Ecliptick, according to the Longitude 
of the San in the beginning of Taurys ; So ma 


are! 
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ABis 30d. BC ſhews the Diclination of the 


nd} Sun from the EquiaoGial in that Longitude, 


and AC is an Archof the Equinodial Circle, 


| ſhewing the Right Aſcenſion of the Sun in B. 


I 
| 
| 


Now knowing A B to be 3o d. and the An- 


;| gle of the Ecliptick {at A tobe 23 4. 30 m.It 


is required to find the Declination of the 
Sun, that is, the Side B C oppolite to the 


| Angle at A. 
' As the Rading or Sine of g9 d. 10,000000 


To the Sine of the B:ſeBC39 d. 9,698970 
$9 Sine of the opp. Ang. A 23 4.30 9,600700 


To Sine of the Side B C 114.30 x9,299670. 
which is the Deciination of the Sun tur that 
Point Bof the Ecliptick. * And if you take 
this Sine of the Angle of the Ecliptick, 23 4. 
30m. which is 9,600, 709, and write it down 
in a Paper by it (elf, and lay it to cach Degree 
and Minute of the Canon ot Sincs, and lo add 
them together, writing out their Sum in a lit- 
tle Book : it will be no great labor to make an 
exa&t Table, ſhewing the Declination for each 
Degree and Minute of the Ecliptick. 

This alſo is the way of letting fall a Per- 
pendicular from an unknown Angle z for BC 
sPcrpendicular to A C, from the Angle B. 


Prop, 
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Prop. 64, Calc 2. 


The Baſe, and one of the Oblizae Angles bein 
k19wn to find the Side adjocent to that Ang! 


As the Radins, to the Coſine of the Angle m 
So the Tangent of the Baſe, to the Tangent of 1h 

Side required. 

Thus the Biſe AB being the Longitude 
the Sun 3od.and the Anzle A bing 23 d 3on, 
the Side *AC wil be found to be 27 d. 4m 
which 1s the Sans Right Aſcealiun in thu 
Poirt, 

As the Radius. or 60 d:g. 10,0000 
Tonbe Coſne of A Cef. 23. 30 9.56239) 
Sg the Tazgent of AB, Tan. 30d. 9,76143z 
Totbe Tangent of A C274 54 m. 4. 7233] 

Thus taking this Log.Sine 9 962398, you 
may makea Vzble of Right Alccntion tor every 
Degree of the Suns Longitude, as bctorc tar 
the Declination. 

This alſo 13 the way of letting fall a Per- 
pendicular from an Angle known, For AB 
being Baſe, ACand BC cut one another a 
Right Anglcs ith. Po nt ©. 


Picp 
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Pop. 65, Cale 3, 


The Paſe and one of the Oblique Angles being 
kuown, to fine the ther Oblique Angle. 


As the Radius, to the Co fine of the Baſe : 
So the Tangent of the Angle given, to the C9- 
tangent of the Angle required. 

Thus the Baſe A B being 3o 4. and the An- 
ple A234. 30 m. the Angle B wi'l be found 
69d. 22 m. which is the Angle of that Point 
ot the Echptick withthe Meridian, 

And thus yu have )] the fix Parts of the 
Right angled Triangle ABC, There aregther 
ways to hind them:but theſe are the wolt ready, 
having the Radius in the fir{t place, 


Prop. 66. Caſe 4. 
The two Sides being given, to find the Baſes 


As the Rading, to the Co ſineof one of the Sides : 
Sothe Co fine of the other Side, to the Co-ſine of 
the Baſe. 
Example, 1a the Triangle ABC, the Side 
AC being 27 d. 54 m. and the Side BC be- 
Ing 11 4, 30m, the Baſe AB will be 30 deg. 


Prop, 
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= 
Prop. 67, Cale 5. "_ 


The two Sides being given, to find cither o 
the Oblique Angles, 


As the Sine of the Side next the Angle required, 

1s to the Radius: 
$9 3s the Tangent of 1be oppoſite Side, t0 the Tax- On 

gent of the Angle required. 

Thus in the Triangle ABC, the Side AC 
being 27 d. 54 m- and the Side BC being 114, A! 
30 m. the Angle A will be found to be 23 4, 50 
30 m. 


Here work by the: Compl. Arith. in the fit 


place. þ 

As the Sine of AC 27+ 54 Cs. Ar. 0,329818 

To the Radins I 0,0000C0 

SotheTangent of BC114.30 9,308463 

To the Tangent of A23d, 30m. 9,638281 p 
Prop. 68, Caſe 6. .. 

One of the Sides, ond the Oblique Angle next it - 


being gaven, 'to find the Baſe. 


Ar the Co-(ive of the Angle given,. is to the Ra 
dins : p 
So the Targent of the Side given, to the Tangent 
cf the Baſe. 


& 
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' Go theSide AC being 27 d. 54 m. and the 
Angle at A 23d, 30m, you tha)l nnd the Baſc 


to be 30 d. 
Ceſc A, Tang AC: : Radims, Tang. AB. 


23d. 3927 d. 54 god. 304. © 


er of 


red, Prop. 69g. Caſe 7. 


74x. One of the Sides, 8nd the Oblique Angle next it, 
being known, to find the other Side. 

Aithe Radins,to the Tangent of the Angle gives : 

; 4, 50 the Sine of the Side given, to the Tangent of 

the Side required, 

5 LetACbe27 4.54 m. the Angle A239, 
30 m. theSide CB will be found 11 d. 50 m, 

1g Rading, Tang. A: : Sine AC, Tang. C B, 


0 De- . S330 27 5% 1130 
ha Prop. 79. Cale 8. 


One of the Sides, and the Oblique Angle ncxt it, 
being given.to find the other Oblique Angle. 


Ar the Radius, to the Sine of the Angle given : 
Sq the Cofine of the given Side, to the Crſne of the 
Angle r-cuired. 
LetAC te 27 deg. 54 min. ard the Angle 
A23 deg. 30 min. the Angle B will be found 
09 dep. 22 min, 


Yn Radius 


84 Of Spherical Triangles. 
Radins, SmeA :;:CoſcAC,C.f.B, 
90 23430 27.54 69.22 


Prop. 71, Caſe 9. 


One of the Sides and the Angle oppoſed 13 it be 
ing known, to find the Baſe. 


Let BCbe119. 3o m. and the Angle 4 
23 d. 30m. you will tind the Biſ: AB30o 4. 
Sine \, SineBC:: Radins, Sine AC 


23.39 11.30 90 27:44 
Prop. 72- Caſe 10. 


One of the Sides and the Angle oppoſed to it be- 
ing given, to find th: other Side. 


Let BC bz 11 deg. 30 min. and the Anyle 
A 23 deg. 39 min. yoa will tind the Side A Cyp 
be 27 deg. 54 mine | 

Tang A, Tang. BC :: Ridins, Sin. AC, 


ALI V2-30 _- 27:34 
P.op. 73, Caſe 11. 


One of the Sides and the 4agle oppoſed to it be- 
ing given, to fixd the cther Oblique Angle. 


Suppoſe BC 114. 30m. ad the AngieA 
23 4. 30m. the Angle B will be found 694. 
22 Ms Ci. 
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Cof B bt Coſ. A:: Radin, Sine B. 
11-39 23.3) 90 69.22 


Prop. 75 4: Caſe 12. 


. One of the Sides and the B.iſe being h18wn, 10 


find the Oblique Angle next to the ſame Side. 


The Side being A C :7 4.54 m.ind the Baſe 
AB3od. the Angle A will be 23 4. 30 min, 
Tang. A B, Radius : ; Tang. AC, Co. A. 


30.0 90 27.54 23.30 


Prop. 75. Caſe 13. 


. One of the Sides and the Baſe being given, to find 


the Angle oppoſed to that Side, 


The Side AC b ing 27 d. 54m. and the 
Baſe AB;o04. the Angle at B oppolite tothe 
vide A C wi'l be found 69 d. 22 m1. 

Sine AB, Radius :: Sins A C..Stne B, 
30.0 9gO 27.5% 69.22 


Prop. 76. Cifz 14. 


One of the Sides and the Baſe being given, to 
find te other Sie. 


The Side AC being 274. 54 m. and the 
Baſc AB 30 dithe Side B C will be found 11 d. 
3o ma, Coſ- 
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Col. A C. Rading :: Coſ. A B, Coſ. BC, 
27.54 go 30.0 11.30 


Prop. 77. Caſe 15; 


The two Oblique Angles being given, to find th 
Baſe. 


As the Tangent of one of the Angles, is to th 
Radius : 
So ie the uy of the other Angle, to the Ci 
fine of the Baſe. 
Tang. A, Radins : : Cotang. B, Coſ. A B, 
23-30 go 69-22 30.9 


Prop. 78. Ciſe 16, 


The two Oblique Angles being given, t1 find ti- 
ther of the Sides. 


As the Sine of one of the Angles, to the Cyſt 
of the other Angle : 

S9ir the Rading, to th: Coſine of the Side eppoſis 
tothe Angle, whoſe Coſine was taken. 
Sine A, CofineB : : Radius, Cofine A C, 
Sine B, Coſine A: Radins, CoſineB C. 


of 


T 


| the 


— 


Of Oblique Spherical Triangles : 
O R, 
In all Spherical Triangles. 


Prop. 79. Cale 17. 


Two Angles, and a Side oppoſite to one of them be- 
ing given,to find the Side oppoſed to the other. 


Work by oppoſition of Sides and Angles, 
Ai the Sine of tbe Angle oppoſed to the Side 

known, 

To the Sine of the ſaid Side : 

$0 is the Sine of the Angle oppoſed to the Side 
required, 

T1 the Sine of the Side required. 

Example. Set your Globe to the Latitude 
of London, 51 deg. 30 min. and turn itabout 
{o that the Suns Longitude in the beginning 
of Taurus, or 39 deg. may touch the Hori- 
z0n: So you (hall have a Triangle like this, 
Fig.56, ABDandABE; whercin the Side 
ABis the Longitude of the Sun 30 deg. the 
Angle Ais the Angle of the Ecliptick 23 deg- 
30min, the Suns greatett Declinatior, the 

Sides 
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Sides BDand BE will lic in the Horizon, an 
cut the Eq naoCtial in the Point Don the Fat 
f1!c, and in the Point Eon the Welt Side of thi 
Globez andioB Dor BE repiclent the Am. 
plitude of the Sun, or nts Horizontal Diftanc 
from his Equir.cCtial r, ling and (ctting. Laſth, 
the Argies Dand E are the Comply ments « 
the Latitude 3 deg. 30 min, 

Now therefore in the Triangle AB E,having 
the Side AB 3odcg. the Anglcat A 23 d. 30m 
and the Angle at E384. 30 wm. the quiltion is 
to krow the Side, or BE, which is the Am- 
plicude, 

Woyk according to the Rule propoſed, you 
{hall find, 

the E,tos AB:: Sos A,csSBE. 

38.30 300 23.30 18.41 
which is th: Amplitude of the Sun in the Point 
B, whcrcuato BD 1s £qual, the one being the 
Amplitude on the Ealt fc, the other on the 
Welt; and the Point C js the Point &f 
Right Aſcenfion juſt berween therm. And the 
Dittcrence of Alcenſion is C E and CD, tobe 
added toor lubtracted from the Right Aſcen- 
ſion, according as the Sun hath North or South 
Latitude, 


Prop, 
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Prop. $89. Caſe 18. 


Two Sider, and one Angle oppoſed t9 one of thoſe 
Sides, being given, to find the Angle opp: ſed 
tothe other. | 


Thiz is Eu: the Converſe of the laſt Propo- 
ſition, and is pertormed by the Proportion bc- 
tween the Sines of oppolite Sides and Angles, 

Example. Ia the Triangle ABE, Fig. 6, 
th: Side A B being 3o deg. the Angle E 38 4. 
30m. and the Side BE i84, 41 m. the An- 
ple A will be found 23 d.30 m. 

As Sia.AB, to Sin. E:: So Sin. E B, to Sins As 
30.0 33 30 1841 23.30 


Prcp. $1, Cale 19, 


Two Sides and an Angle included betwcen them 
b.ing kaown, to find the othcr Side. 


To re (olve this Propolition, the beſt way 
5to rfolve the Oblique Triangle into two 
Right angled Triangles, and then work by the 
former Rulcs, to find <icher a Side or an An+ 
gle, by any three parts of the Triangle whica 
are known. 

In the TriangleZ P O, Fig. 7. Ict P repre- 
(.nt the Pole of the World, Z the Zenith of 
London, © the Place of the Sun, having 20 4. 

ot 


. - - — = oa=—_  — 


go Of Spherical Triangles. 
of Longitude. Now is this Triangle P 7 being, c, 
38 4. 30m. the Complement of the Latitud 
of Londox, let Þ © be 70 d. the Complemer 
of the Suns Declination, and the Angle at} 
314. 34 min. the Diſtance from the Meridg, | 
an the Queltion is to find the Side Z ©, whidggn 
is the Dittance of the Sun from the Zenith, 
and is the Complement of the Suns Altitul! x 
The way to reſolve this, is firlt to let fall), 
Perpendicular frem the Point Z, upon the $id,q 
P ©, which will fall in the Point R. he 
length of this Perpendicular Z R may be fount gar 
by the firlt Caſe; and the Side PR by the% 1 
cond Caſe 3 which being ſubtracted fromP0jLa 
gives the SideR © : ſo the Triangle Þ Z 0it4n; 
divided into two Right-angled Triangle a{c 
ZPR and ZOR. Now having the tw th, 
Sides ZR and RO, you may find the Side 
Z © by the fourth Propcfition, which is tht tir 
thing deſired. * it 
But to make this ſomewhat ſhortcr, and t $i 
do it at two Operations, without hnding th. {9 
length of the Perpendicular ZR, work thus. th 
Firti, As the Rading or Sineof ZRP, 


To the Coſmeof LPR; A 
So the Tangent of ZP, tr 
1s the Tangent of the Ark Þ R. th 

* 


tc 
Secondly, ic 


C 
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i ccondly, As the Coſneof PR, 


Itud: To the Cofine of ZP : 
ment $9 the Cline of R © ) 
> at] To tie Coſineof Z ©, 


dg, the Height of the Sun at that diftans: 
Nhidf,om the Meridian will be about 4c deg. ha- 
ni ing that Declinztion, 
tud; By this Propoſition alſo, having the Com- 
fall&)ements of the Latitude of any two Placcs, 
S&nd their Difkcrence of Longitude, which is 
 Uvthe Angle at P, you may tind thiir Di- 
oungance, which is the Side Z ©. 
eX Likewiſe having the Complements of the 
P0}Latitudes, or Declications of any two Stars, 
Oland the Differ. of their Longicudes or Righ: 
ls Aſcenſions for the Angle at P, you may hind 
tw their Diltance, which will be che Sidz Z ©. 
Side But in letting fall this Pcrpendicularyfowc- 
S the times it will fall without the Triangle, as here 
*it doth within the Triang)e : In that Caſe th 
d it Side of the Triavgle muſt be continued, and 
z th; ſochere will be tivo Right-angicd Trianglcs, 
1s the one included within the other. 
As for inſtance, Fig. $8. It the Triangle 
ABD were given, to let fall a Purpcndicular 
trom B, the Perpendicular B C talls without 
the Triangle, upon the Si-le A D prolonged to 
C; and fo the tivo tigit-angled Triang, £5 
tound hereby will be AC Band DC B: aad 
nd!y, (0 you may by the former Prepulitions td 
cut tae Side B D, 


[; n 
NF 
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Prop. 82. Cale 20, | ar 


Two Sider and the Angle included being hum 9 
zo find either of the other Angles. 


As in the Triangle ZP ©, Fig. 7. knowi Ti 
ZP 38 4.30m. and PO 70d om. andt: 
AngleP 31 4.34 ms to tind the Angle at 0, 

Firſt let fall the Perpendicular Z R, or ji 
the ArchBR, aS'in Caſe 19. Then, 3c 
Ar the Sine of © R, to the Sineof PR: 31 
So the Tang. of P, to the Tang. of ©, 30 4.1% 

C 
Prop, 33- Caſe 21. of 


Irv Sides being given,and one of the Angles mn 4 
#0 the Side unknoren to find that Side unknom Ty 
$o 
As in the Triangle Z P ©, F:g.7. havingt Ty 
Side ZP 384.30m.and Z © 404.0 m.andt! 
Angle at P 31d. 34 m. to find the Side Þ ©, jJ7 
Firltby the Baſe ZP, and ths Angle P, tn gl 
the Side P R being next to the (aid Angle, ! 
the ſecond Caſe, which will be 3 4d. 7m: 30{e 
Then, 
As the Coſ. of PZ, to theCoſ. of PR : Tn 
So the Coſ. of Z ©, tothe Coſc of © R. 35 | 1 
52 min. 3O ſec. 
which two parts of the Side added togetht. 
make the Side P © 70 dep. | 32 
| - tg 
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a! Tf the Perpendicular fall without the Tri- 
| angle, the two parts ſhould be ſubtracted from 
cxch other. 
310m 


Prop. $4. Cale 22, 


.* Two Sides being given, and one of the Angles 
| 1 next the other Side, to find the Angle inclu- 
I ded between the two Sides given. 


rit: Inthe Triangle Z P ©, knowing ZP 38d. 

30m. and Z© 40d. om. and the Angle P 
\ 31 4.34 mm. to find the Angle at Z, 

2b, Firſt find the Angle PZR by the third 
Caſe, by the Baſe 7 P and the Oblique Anglc 
P, which will be found to be 64 d. 19 m. 

Then, 

1: Aithe Tangent of Z ©, 

nom To the Tangent of Z P : 
$0 theCoſineof P ZR 64d 19m. 

gr Tothe Cofine of © ZR 65 44. 

ndt 

O, Which added together make 130 03 

: which is the whole Angle at Z. 

c 


zok + Prop. 85. Caſe 23. 


Two Angles and the Side between being given, 
34. to findeither of the other Sides. 


«the. Asin the Triangle Z P ©, having ZP 3$ 4. 
32m. P31 4.34m and Z130d, 3 m. to tind 
| the Side Z ©, E 2 Ficlt 


9.4 Of Spherical Triane/es, 
Ficlt find the Angle PZ &. by tix thizd Py 


Potion. 
As the Fading, tothe Ceſeof PZ: Te 
Ss Tang, LP ©, to Cu tang. of PR 644 ; 
2bis take 72 ottt of the whole Ang. at 130 | 
4 rere veſts the Angle O ZR O5 a 
Thcn, | 
As the E-fincof O TR, tathe Ceſhne of prplA 
So the Tang.of P Z, to Tang. of Z©,40 dd} th 
Prop. 86, Caſe 24. bw 
Y 
7 wr Laples and the Side betrreen thom be! T 
give, to find the other Anple. KF 


, 


Pn 


As mthe Triargle ZP © Fig. 7. havin 2 
ne Side ZP 35 deg. 30 971. and the Angle 
I P © E deg. 34 mitt. 2nd PZO 130 d& 
> ng the Any QC: at ©; 
Ty the Angc PZ R649. 19 mM, a1 
lun, which t2k<n out of the who!c Ang 
1304. 3 m. rffis 65 4. 44 n: . tor the Ang 


Ln, 


de 
» hs 2 
ny 


hen 
A: i be Sine of PZ.R. « (3 the $3 ef ©2 i 


4, 
VE 7 To 
118 Cot te "7 l r £ x to T0 Cof of L ol; , 
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d Pu Prop. 85. Caſe 2%. 

' Tw Angles being given, and one of 152 Sidog 

4. Ic adjoyning #0 the Augle Wt irons. t3 ſtud the 
Side b:twecn the two 499/28 given. 


? 


:| As 1n the I ': Rene TP &, havin 3 Eine tivo 
7R! Argics 53; d. 34 ts zad GC) 30d. 29 mn. and 
the Side ZP ; *f 2% m. to tind the Side P ©, 
. | Firſt, by te EA P Z and the Angle P you 
' may fizd the Side PRtobe34 4.7 m. 30 ſec. 
' by the ſecond Propotition of Right- -angled 
b.i, Triang):s, 
{1 A45Rto Coe P: 
| So Tang PZ, to Tang. PR, 34d 75'307 
vin 2+ As the Tangeof ©, to tbe Tang. of p* 
nol: So the Sine of PR 34 d. 7 m. 30 ſec. 
4 Tothe Siveof ©R 34 - 4 0 


IPoich 2 parts of the 


a< 1 


. ow QOH 
op] Sive make / oo 
1 The whole SideP 9. 
Prop. $8, Caſe 26, 
)| 1.0 An; HT DEL; 17 M4 Cit. (01! 1 3:3 Foy 'f 213. W Jo }?0xEe 
tee Anz re: 7} 1 LOFPR, 89 ft: 11d ihe fa d Augie, 


AS1n the Triangles ZP O, having the An- 
\gleP 31 d. 34 m. and the An: Ic © 30d. 
[h 23m, and thc Side ZP35S d. 3 - th. .NCUELO 
» r 3 th - a 


CE COug—_ 
" —_— tf 
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the Angle of Z which is yet unknown, 141, 4 
had this Angle. 
Firſt find the Angle P Z R, by the BaſeP 72. 
and the AngleP, as in the third Propofition, 
As R, to Cof, Baſe PT: 
So Tang. P, to Cotang. P ZR, 644. 19m. 
Then find the other part of the Ary! 
O ZR, and add thu togethc thus, 


As the Cof. of P, to the Coſ.of © : {anc 
Srihe Sineof P ZR 64 d. 19 nj ha 
Tothe Sineof © ZR 65 44 " 
1Vhbich added make P Z © 130 03 Ar 
pre 

Prop. 89. Caſe 27, [1h; 

The three Sides being given, to find either B 
the Angles, oy 


In the Triangle P Z ©,Fig.7.having P Ztk P' 


Complement of the Elevation of the Pole 344 P 


30 mand P © the Diftance of the Sun from tht 5, 
Pole70d. and Z © the Complement of th , 
Hcight 40 4.to find the Angle at P, which is the 4; 
Suns Diſtance from the Meridian, which re . 
{olvedinto Time, 5s the Hour of the Day. oy 
Firſt, {ct down the Side oppoſed to the An. R 
gle delired, then the other two Sides, then the; p- 
Sum of tie three Sides, then the halt Sum! x1 
thercot 3laſtly.the Difference between this half 
and the firſt Side, So they will be placed ready: 
tor opcration, according to this Proportiun, 
1, A! 
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'n, (1, As the Radius. to the Sine of one of the Sides : 
$0i5 the Sine of the other Sideto a forrth Sine. 

(eP12, As that fourth Size, to the Sine of balf the 


tion, Sum of the Sides ; 
& is the Sine of the Difſerence between the 
” half Sum and the Side »ppoſed to the Angle 


Ang, required, 10 2 ſeventh Sine. 
Now it yoa add the Radius to this 7th Sine, 
and then take half the Sum thereof, you ſhall 
I on have the Sine of an Arch, whoſe Complement 
44 [being doubled, will be the Angle defired. 
as JF Note, If you work by the Complements 
1» | Arithmeticz! ofthe two Sincs of the Sides com» 
 prehending the Angle, and fo inſtcad of ſubtr. 
'themadd the 4 Sums together,the Work is far 
more rcadyz as you may fee the manner of 
T 7 work both ways in the following Example. 
ZO 40 10,Radins. Compl. Ari. 


O 

Th PZ 38 30 9 794149 0,205850 

2 PO #70 9.972956 0,027014 
D 


le gum 148 35 29,767135 Sins. 
(1 1 | 
th + Sum 74 9.783380 9,993381 


15 
af. O 34 15 9750358 9750358 
Sub. the 4t1 Num. 19.733738 $S# of theſe g. 
An Reft Rad. azded 19966503 19,966603 
the Hf there-f 9:9 +3301 79 953301 
"Mm Which i the Sine of 15 deg. 47 min, '3 ſec. 
al! 22d dbled mak's 31 deg. 34 min..26 ſec. 


| It 


'l E 4 which 
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which is the Angle of the Suns Diſtance 
the Mericihans wh C converted into tir rg 
fo w+ the Bowr of the Day, 

By chic foar:c mrant Cr Of vt IK VC u may fd Lf 
tiic An; uſt art - M wHI ch I tit Suns Azimu 
= the Nozth part of tlie Meridian, nl” 


Z© A, Pp 5 1118s II fee. (OL 1 Tots Angle a _ 
% 30 deg. 2D min. 11 ſec, | 
| 
+ Ha 
Prop. go. Ciic 28, [Dit 
By the three Angles, to fiad any of the th 
$14cs. 


If inftcad of the greateſt Angle next 4 71 
Side inquized, you take its Complement T 
180d. thife Angles will be turned into Sidd gi 
and the Sides into Angles; fo the Work x! 
be the ſame as in the former Propoſition, 

As in the Triangle Z ÞP ©, knowing the&: o 
glceZP © tobe ZI &.* 4m. 26ſec, P7 © 1304 Nn 
3 m. 12 ſec. and Z Ak wo 28 min. 11 ſec.” 
1c were required to hnd tie Side Z © oppolit | 
tothe AngleZP ©, Tile 130 4.5 m. 11 ſ: 
out ot 180d. there remains 49 4.45 m 49 ſu. | 

Then as if you had a Triangle of thit. 
known Sides, viz oneof 31d. 34 m.26 ſi 
another of 0d. 28 m. 11 ſec. and the thi 
of 49d, 59 m.49 ſec. and you would fit 
the An; le oppolite to the fri of thele Sides: 
Sct the Work as in the laſt Propolition, 


d. nl 
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c fn «a fee. = 


fe Angle 32 29 11 0, 294920 
Ma Conp, greater 49 5% 4g O, 1 6094 
, tf : Shag 
. "| Sumof the non v8 26 SIHCS» 
| — —— 
| Half S\\m 55 59 43 ©9 9 (8549 
' Diff. from firſt 24 25 17 9,516417 
e th 
19, 94597) 
4 The balf where:f being 9 972995 


ent i 5s the Coſin* of 20 deg which being, doubled, 
vices giver the Side d: fired to bc 40 deg. 
Ku Andloy ou may tiud any of the'other Sides, 
Bat wheor: you kno v either three Sides and 
e Ar one Anel-, urthre: Angie and ane Side, you 
306 May im the gine: y har oppottis. Pioporti- 
ſee. * OB, 3% ii; the for neentlh and cghteenth Firo- 
poli point 135, 
tſy To 4» ave 1 the uſvs! Caſes of Triangics, 
9 ſu Many V +! es might f 16ded to cach Cale, 
thi anc (0M: © un iamy nw Ts, W nict mM1gt4Þ 
6 ſk mo! fy df; £ Proportions , bu. 
this th. 750 ' and intended more 


find for +'r Þ. F1, | thail Icave you tor 
des; theie chungs \ (1\I'S» 


. 
- 


PO 5 P R Os 


TOO 


: 


PROPOSITIONS 
I N 


ASTRONOMY 


Jie? I have partly applicd the Exy 
ples of the Caſcs of Spherical Triary, 
to the Reſolution of Atironomical Prop: 
ons, yet it will not be amiſs toapyly thcm! 
Aftronomy a little more plainly, and tou! 
{ome common and ncccflary Propotitions, 


Prop. 91. 
To find the Suns Declination at any time. 


1, As the Radius, or Sine of 90 deg, 

2+ To tbe Sine of the Diſtance, or Longitude( 
the Sun from the next EquinoGial-point: 

2. $0 is the Sine of the Suns greateſt Declin 
fION- 

4. Toth? Sine of the Suns Declination int 
Longitude, 

Now to make theſe Propoſitions a little! 
mare practical and comprichenfive. you Mi 


take notice of this Rule of Mr. Gfen 
0 


«. 
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how to bring, any of th: ſe four parts of the 
Operation into the alt place {o that it you 
know any three of the parts, to hnd out the 
@j other thereby. 

The Propo: tion holds thus between them. . 

Ar firft, to ſecond : Sotbird, 1 fourth, 

' Ar third, to fourth: Sa firſt, to ſecond. 

' Ar ſecond, to firſt So fourth, to third, 

If 4s fourth, tothird ; So ſecond. to firſt, 
' Thus, A5 by the Longitude and greateſt 
7-7 Declination, or an Angle of the Ecliptick you 
may know the preſznt Declination 3 ſo by the 


ang! IS 
=. \ preſent Dcc!:r.ition, and the greateſt Declina- 
cm!) tion, you may know the Longitude, 
10 ac! 
I, Pil'O, © 2s 

To find the Suns Righ Aſcenſion, or any ef 

Þ. (ee 

ne, > 

1: As tve Rating, 

2, To the Sine of +''+ Complement of the Suns 
we ( preateit De- (ination ; 
int; 3+ So the Tay: of the Longitude of the Sun 
clin from ++ - xt Fanino(ii;:l-point, 

&. Tot'" ,.. -4t of the Rigint Aſcenſion of the 
4th Sun freas the ſame EquinoGial-point. 
let 
Mm: Prop- 
red: 


hot 


IO 


t- 
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Prop, 93s 


To find the Suns Aſcenfional Difference, » 
any of theſe. 


» As the Radius, 
« To the Tangent of the Poles Height : 
. Sothe Tangent of the Suns Declination, 


« To the Sine of the Suns Aicenhional bl 
rence. 


Which added to, or ſubtracted from the how 
of Six, thews the Suns Riling and Setting, | 


: 
4 
: 
' 


+» UW N = 


Prop. 94- 


To find theSuns Amplitude, or ary of theſe.) 


1. 4s the Sine Complement of the Poles Height 

2. Tothe Sine Complement of the Suns great 
Declination : 

3. Ss the Sine of the Suns Longitude from tit 
next Equino@iial-point, 


4. Tothe Sine of the Suns Amplitude : 


Prop. 


_- TT 
” 


| q, 


> WS I w= 
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Prop. 95- 
T' find the Suns Horary Diſtance ſrom the 
©, = Meridian when he is duc Eaſt or Weſt, or 


any of theſe. 


' 1, As the Tangent of tbe Poles Height, 

' 2. Is tothe Radius : 

N, | , Sothe Tangent of the Suns Declination, 

Difs 4+ Tothe Sine of the Suns Horary Diltance from 
| the Meridian, being juſt Eaſt or Welt. 


how 

Np. | Prop. 96. 

To find the Altitude of the Sun bcing juRt Eaſ 
or Welt, or any of theſe. 


veſe." 1. As the Sineof tbe Poles Height, 
2. It tothe Radius : 
ight 3. Sotbe Sineof the Suns Declination, 
atelt 4. To the Sine of the Suns Height being juſk 
Eaſt or Welt, 


my OI r=, = 


2 tt 
Prop. 97. 


Ts find tbe Suns Altitude at the hour of Six. 


1, As the Radius, 
2. Tothe Sine of the Poles Height : 
r0Þ, 3+ $9 the Sine of the Suns D.ilmetion, 
4+ Totbe Sine of the Sans H.: - the 
of Six, 


}. *% * V 6 
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Prop. 98. 
To find the $uns Azimuth at the Hour of Six, 


1. Ajthe Radivs, 
2. To the Cofine of the Poles Height : 
3. So the Tangent of the Suns Declination, 
4+ To the Tangent of the Suns Azimuth fron 
the North part of the Meridian ,t the How 
of Six. 


Prop. 99. 


To find the Suns Altitude at any time of th 
£0 


As the Radius, 
To the Cotangent of the Polcs Height : | 
So is the Sine of the Suns Diſtance from the! 

Hour of Six. 
Ts th: Tangent of an Arch, 
which b:ing ſubtra&ted out of the Suns Di. | 


by 
4 


ſtance from the P le, work again thus, | 


| 


As the C: fine of the Arch found, 


To the Cofinc of the remaining Arch of the Sun 
Dift ince from the Pole ; 
Sois the Sine of the Poles Height, 


To the Sine of the Suns Altiaude at the Hur 
required, 


Prop. 


Six, 


| 
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Prop. 11C. 


To find the Hoar of the Day by the Height of 
the Sun. 


Take the Complcment of the Suns Height, 
the Complement of the Latitude of the Place, 
and the Complement of the Declination of the 
Sun, and add theſe three Sides together, as 
Caſe 27. of Spherical Triangles 3 and find the 
Difference between their half Sum and the 
Suns Altitude, Then work thus. 

1, As the Radius, to the Coſine of the Latitude : 
$2 the Sine of the Suns Diſtance from the 
Pole, ta a fonrth Sine. 
2, Arthat fourth Sine, to the Sine of half the 
Sum: 
So the Sine,of the Difference, to a ſeventb 
Sine. 
Unto which if you add the Radius, balf that 
Sum will be the Sine of an Arch, whoſe Comple- 
ment being doubled, will be the Diſtance of the 
Sun from the Meridian z which converted into 
Time, will ſhew the Fur of the Day. 

The Operation you may fee in Caſe 27. of 

Spherical Triangles. 


Prop. 


106 Aſtronomical Propoſttions. 


Prop. 1Ot. 
To find the Azimuth by the Suns Height. 


Take the Complement of the Suns Decli- 
nation, the Complement of the Latitude, and 
the Complement of the Suns H-ight, and 
add thefc three Sides together, and hnd their 
Difference between their halt Sum and the} 
Suns Diſtance trom the Pole, as in Caſe 27, 
only put th: Suns Diſtance from the Pole fill} 
Thcn work thus, 

I. As the Radins, #0 the Cofine of the Lat 


tud: : 
So the Coſine of the Suns Height, to a fonrtl 
Sie 
2. As that fourth Sine, to tb: Sine of half the| 
Sum: 2 
So the Sine of the Difference, to a ſcocnth 
Sine. 2 


Unto which it you «dd th: Ray'as, hilf thit 
Sum will be th: Sivec i 2n Arch, whoſe 


Comp!cmcnt being duubicd, is tle Azimuth] 
detued, 


TIED 


Aſironomical Propoſitions. 107 


Prop. 102, 


Having the Angie of the Azimuth, to find the 
Hwmr, or by the Hour to find the Azimuth 
or any of theſe Terms. 


1» As the Sine Complement of the Suns Decli- 
nation, 

2, Totbe Sine of the Suns Azimuth : 

3. So the Sine Complement of the Suns Height, 

4. To the Sine of the Suns Horary Diſtance from 
the Meridian 


Prop. 103. 


Hiting the Longitude and Latitude of any Star, 
to find the Right Aſcenſion and Declination 
thereof. 


I. As the Raaius, 
To tve Sinz of Stars Longitude from the next 
Equinociial Point: 

So the Cotangent of the Stars Latitude, 

Tothe Tangent of a fourth Arch, 

Compare this tourth Arch with the Arch of 
Difttance b:tween the Polcs of the World and 
the Ecliptick, 23 deg. 39min.z and if the 
Latitude and Longitude of the Star be 
doth of one quality, that is, when the Star 
hath North Latitude in the fix Northern 

H Signs, 
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Signs Y & T 5A MM, or South Latitude in 
the fix Southern Signs = 1M. 7 W XX X, tha 
ſh3ll the Diffcrence between this fourth Arch 
anJ the Diſtance of thc Polcs 23 dey. 30 mig, 
be your fifth Arch. 

But if the Longitude and Latitude of thi 
Star be of contrary qualities, that 13, on: 
Northern and tic other Southcrn, then add 


this fourth Arch to the Diſtance of the Pole 


23d. 30m.and the Sum thereot (hall be you: 
ftth Arch z with which procecd, 


2. As the Sine of the fourth Archz 
To the Sine of tbe fifth Arch: 
So the Tangent of the Stars Longitude, 
Tothe Tangent of the Stars Right Aſcenſin 
from the next Equinotial-Point. 


3, As the Coſme of the fourth Arch, 
To the Cofine of the fifth Arch : 


Ai 
and | 
form 
xenct 
11914 
of t 
Its 
Kigl 
the 


So tbe Sine of the Stars Latitude, 
To the Sine of the Stars Dechinations 


Laſcy, for proof of your Work, 


4. As the Cofine of the Stars Latitude, 
To the Cofne of the Stars Right Aſcenſion : 
Fo the Cufine of the Declinating, 


To the Cofinc of 1he Lo! gitude. 


And 
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le ial And thus having found the Right Aſcenſion 
that and Dcclination of any Star, you may by the 
ch] former Rules find its Amplitude, its Diffe- 
mixl rence of Aﬀfcention, its Diſtance trom the Me. 
idian at any Hcght obſci ved, and fo the Hour 
thef of the Night thereby, having, tilt the time of 
one its coming to the South, by ſubtracting its 
addf Kight Aſccnfion from the Right Aſcenſion of 
oles} the San. 

Ou: 


70M 


PR O- 


ITO 


—— 


PAQOPOSIITONSY 
I N 
GEOGRAPHY 
Prop, 104 


To find the Diſtance of any two Places whid 
differ only in Latitude, being both upon thi 


ſame Meridian. 


I. If the two Places arc upon the ſame (ide 
of the Equinoctial : Subtr.i& the leſſer Ltitui 
out of the greater, the Remaixer is the Diſtan: 
required. 


2. If theone Place be on the one ide of the! 
Equinoctial, and the other on the other:} 


Add the two Latitudes together, and the Sumill 


the Diſtance required. 


Prop. 105. 


To know the Diſt ance of any trv0 Places mwhi:s 
differ only in Longitude. 


I. It che Places are both of them under the 
EquinoGtial, Subtraf tbe Leſſer Longitude tif 
the greater, the Remaincy is the Diltan; & 


| 


mL GCo9 my %,.. "© 


2. lt 


| 
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a, If the two Places have the ſame Lati- 
tde, ard ſo under the ſame Parallel, then, 
45 1he Radings, 
T1 the Cofine of their Latitude : 
$1 e Sine of half their Difference of Longitude, 
T1the Sine of half th:ir Diftance. 


Prop. 106. 


_— 


To find the Diſtance of two Places which differ 


both in Longitude ana Latitn1c 
This Propoſition hath three Cafes. 


The Fir't Cajc. 
Whcn one Place 1s under the EquinoQial, 
and the other toward eithcr cf tic Poles, 
Ther, 
Ar the Radiws, 


| Totbe Cofine of their Difference of Longite4t: 


So the Coſune of their Latitude) 
To the Cofine of their Diſtance. 


The Second Caſe. 


When both Places are tewards one of the 
Polcs. Firſt, 


As the Rat ily, 

Tothe Cofie of tar 7); iFerence */ f na 27tude * . 
$9 te "f 13 gen it of the liffer Lo: t, 

Ty: 4 311; 'grns Ui, 464 Pt 
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which being ſubtracted out of the Comp: 


ment of the greater Latitude, the Retmainy _ 


- 
- 


muſt be your fifth Arch, Then, 
As the Cofine of the fourth Arch, 
To the Cofine of the fifth Arch : 


Sa the Sine of the leſſer Latitude, \ 


To the Coſgne of the Diſtance required, 
The Third Caſe. 


When one Place is toward the North Pol 
and the other toward the South Pole. Fitl 
As the Radius, 

To the Coſine of their Difference of Longitnde; 
So the Cotangent of one of the Latitudes, 

To the Tangent of a fourth Arch. 

which being ſubtracted out of the other Lz 


titude, having go deg. added fo it, the Re 
maincr is the fifth Arch. Then, | 
As the Cofine of the fourth Arch, 

To the C:ſine of the fifth Arch : 

So the Sine of the Latitude firſt taken, 
Totbe Cofine of their Diftance. 

By the: Rules alſo you may tind the Di. 
fiance of any two Stars, it you know thei 
Longitude and Latitude, or their Right AF 
cenlion and Declination, which is of gooduk 
1a Aſtronomy. | 


Ot 


rc! 


Til 


II} 


O F 


NAVIGATION. 


N Avigation may very well claim place after 
theſe Mathematical Arts : for though it 
be but a Mechanical Art, and commonly pra- 
ited and profefled by rude and unskil- 


ful men 3 yet perfe&t and ingenious Seamen 


.| had need have good skill in all the former Arts : 


and the more $kiltul thercin the better : Na- 
vigation being capable of, and in (ome ſort ne- 
cefſarily requiring good skill in Arithmetick, 


| Geometry, and Aſtronomy. 


Nawgation is commonly diftioguiſhed into 


; three ſorts, Plain Sailing, Mercator's way, and 
| Circular Sailing, or Sailing by the Arch of a 


Great Circle. 

Plain Sailing,or Sailing, by the Plain Chart, 
is the plaineft, and the Foundation of all the 
reltz and near the EquinoQial there is need of 
no other to be uſed, becauſe there the Degrees 
of Longitude, as well as the Degrees of Lati- 


| tude, are all cqualz cach Degree being divi- 


ded into 60 Minutes or Miles, though they 


, are ſomwhat more than Engliſh Miles, cach 


Minute or Mile containing about 6000 Feet. 
In 


114 Plain Sailing. 


Inthis Art the Scaman hath theſe helps. 
Firſt, He hath his Compa(ls to dire hin 
which way he goes; which is divided firlt int, 


four Cardinal Points or Quartcrs, Ealt, We! 
North, South, and cach of thele Quarter] 


arc divided into cight equal parts, common 


called Rumbs, waking in all 32 Points, Sj 
that (iecring by the Compaſs well made and 


duly reCtihed, the Sca-man always knog 
which way he ſails, to a very ſmall matter. 

The fecond hclp the Sca-man hath in keep. 
ing his Account, 1s a carctu! Obſervation (b 
the Log-line, or ſome other good way ) hoy 
many Miles or Leaguis he fails cvery How 
and focvery Watch, and cvcry Day, 

Thethid help is the krowledp and obſer. 
vation of the Latitude, both of the Pluc 
from whence he fails, and whiac he is arrived 
or whithcr he is to fall. 

And out of thefe thice things, by the Do 


_ f V 


3 + w 


Ctrine of Plain Trianghs, he comes to knon 
ail that 3s reciflary for the keeping of his Ac) 
court: So titat be may know at any time, 
where he is, how far he hath {2i):d, and how 
far kc is yct to ſail, aad whici way, or upot 
what Point ot the Compa's he is to tteur 4 and 
all this by thelc few picin Kulls ot Right lingd 
Fuctingulir Tiiangles, 4 


. 


Prep. 


$0. 


To 
2 

Whi 

0T | 


OF 


nl 


; 
| 
| 


Mme 
' . . * I 
on! To the Side oppoſite th:reunto, which is C A 


on! 


Plain Sailing, II5 


Prop... 107. 


By the Rumb, and the Diſtance ſailed thereon, 
to find the Difference of. Latitude, 


Example. In the firſt Figure of Plain Tri- 


| angles, Lect CA by the Meridian Line, C B 


the Rumb line ſailed upcn , being - South- 
Welterly or North-Eaſterly from the Meri- 
dian 53 deg. S mir. and let the Diſtance failed 
thereon be CA 350 Miles: The Qucſiion 's 
to find the Diftcrence of Latitude, which is 


| the length of the Line CA in this Triang!e 
_FTABC, 


Here working by the Rule of the Propor- 
tion which is between oppolite Sides and 
Angles, 

Ai the Angle A, which is go d. or Radius, 
To the oppoſite Side C By or Diſtance ſailed 359 

Miles : 


Ac,| So the Angle B (being the Cofme of the 


Rumb or Angle C) Sine B36 d, 52 m1. 


210 Miles. 


ar Which divided by 60, yie!ds 3 deg. 39 min. 


1:4 Jor the Difference of Latitude. 


II6 Plain Sailing. 


Prop. 108. wh 

By the Rumb and Diſtance to find the Dy V 
ture from the Meridian that is, by the j Ir. 
things given as before, to find the Line Al rec! 

en the Triangle AB C, Fig. 1. ma 

if 

As the Radius or Angle at A, 90 dtg. tha 
To the oppoſite Side CB 350 Miles : cial 


So the Sine of the Angle as C, being the K 
53 deg. 8 min. 
Tothe Line A B 28” Miles. wh 
which divided by 60, yiclds 4 deg- 40m jou 
for thc Difference of Longitude. 
By theſe two Propoſitions you may keep 
Account of your way, how much you fail Ei 
or Wcſt, North or South. By 
| 


Prop. 10g. i I 


By the Rumb and the Difference of L atituat, 1 [ 
find the Diſtance ſailed. i Ca 


| 216 
In the firſt Figure, let C be the Angled! of | 
the Rumb, C A the Difference of Latitude, the 


to knw the Diſtance ſailed thereby. At, 
As the Angle B which is the Coſine of the Rumb, To 1 
Jo the Nifference of Latitude C A: &T 
So tbe Angle A go deg. or Radins, Tot 
To the Diſtanee ſailed C B. Whi 


By 
] 
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By this Propolition you may help your (elf, 
when your Latitude by Obſervation doth not 
\, | rec with your Dead Reckoning kept by the 
: 
| 


two former Propoſitions : For it your Lati- 
tude be found to be more or leſs than you 
eAF reckon upon, you may be ſure you have cither 
made more or leſs way upon your Rumb, or 
(ſe that you have not fieered exactly upon 
that Rumb; But the other is molt likely, eſpe- 
. [cially if you fail within four or five Points of 
Mnf the Meridian. And fo, according, to this 
Rule, you muſt make your way failed agree” 
| with your Obſerved Latitude, and fo corre 
ma} your Account or Dead Reckoning. 


*Þ Prop. 110. 


| 
| By the Difference of Latitude, and Difference of 
| Longitude of two Places, to find the Rumb 
: leading from one Place to theother. 


ie, Inthe firſt Figure, Let the two Places be 
| Cand B, let C Abe the Difference of Latitude 
{210 Miles or Minutes, and A B the Difference 
led! of Longitude 280 Miles or Minutes ; to find 
tude; the Rumb or Angle at A. 
Ai the Difference of Latitude C A 210, 

wn; To the Difference of Longitude A B 280 : 
| So the Rading, 

lo the Tangent of the Rumb 53. $, 

Which is four Rumbs 3 quarters fere from the 
| F 2 Mcridian 
| 


bj 
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Meridian South-welicrly 3 chat is, alnd T 
S, W. by W. 'T;bl 

Theſe are the moſt common and neccſ| 
Rules in Plain Sailing, which is only t 
uſed in {mall Diſtances, ncar the Equinodii 
where the Degrecs of Longirude arc julicy 
to the Degrees of Latitude, viz. cach of t 
60 Miles or Minutcs, Put if you are {ard 
ſtant from the EquincCtial, there thovghthi 
Rules hold good to find the Difference cf 
titude and Diſtance by the Runb, yet thi 
fail much in the Longitude 3 and therefor 
fnd the Difference of Longitudc, you m 
uſe the following Propoiition. 


Pop. 111. 
To know how many Miles or Minutes of the Eu 


noftial make a Degrce of Longitude in " 
Latitnde, 


As the Rading, or whole Sine of 50 deg. 
To 60 Miles: 
$9 the Coſine of the Latitzde, ih ! 
To the Miles contained in one Degrce of Lotgr þ 
' tude, inthat Latitude. 

Thus in the Laticude of 60 deg. 3O Mil - 
make a Degree. 


As Sine 90 deg.to 60 miles ; Ar 
10000 ( 
$0 Co. 60 deg. to 30 miles, 0 
gOCO (1 


Tick! 
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Inj Theſe things may be done very well by the 

Tile of Natural Sines in the Sea- mans Ka- 
lendar. 

Thus if in the former Exawple your De- 
parture from the Meridian was 280 Miles; 
this divided by 62, and fo rcduced into De- 
prees and Minutes of Longitude, under the 
ſEquinoGtial it yiclds 4 deg.45 min. But if this 
$280 Miles of Eaft or Welt, or Departure from 
the Mzridian,ſhould be in the Latitude of 604, 
where 30 Miles make a Degree of Longitude, 
divide this 2$9 Miles by 3o, lo it yiclds 9 4. 
22 or+, which is 20 mix. for the Differcnce 
of Longitude in that Latitude. But this being 
ſo necefſary a Concluſion in Navigation, take 
tin another Form and Example, which will 
| fully explain it, and yield a more ready way 
for your Calculation of the Longitude in any 
| Latitude, 


the 


Ic 


Prop. 112, 


| By the Miles of E afting or i e/ling (that is, your 
HF Departure from the Meridian) to find the / e-' 

| greer and Minutes of Longitude anſmerabie © 
ll thereunto 3 any Latitude. 


Ar the Gofane of the Latitude (in a parall:1 
Courle, or of the middle Latitude in any* 
other Courſe which hath Diffcrence of La- ' 
lituce ) 

xl! F 3 is 
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Ii to the Radius, or Sine of 90 deg. tance 
So the Miles of Departure from the Meridian, | Noo! 
To the Minntes of Longitude in that Latitud;| Yc 

Example. In the Triangle C B A, Fj 
Let C be the one Place, B the other ; Sup 
C to bein the Latitude of 504 Buin the |; 
titude of 46 d. 30m. In failing between th 
two Places upon the Rumb-iine CB, I findtl _— 
Departure from the Meridian of C to be:} 
Miles. The Queſtion is to know the Differ 
of Longitude between theſe two Places, | 

To reſolve this, you multi ncither reck 
theſe Miles of Departure, 280, in the Lai 
tude of C, that is, 50 d. nor in the Latituded L 
B, thatis, 46d, 3o m. but in the middle [out 
titude between the rwo Places, that is, int Mir 
Latitude of 48 4. 15 m. and work thus. Mil 
A Cof. 48 d. 15. Compl. Arith, 0,1766g 
To the Radius I ©,00000! hay 


: 


So 280 Miles of Departure 2,44715) 


To 420 + min. of Longitude X2,6 23761 
This yields 420 m. 3 of Longitude, whict 
divided by 60, yiclds 7 d. © m. Stor the Dib- 

ference of Longitude ot theſe two Places, 
And thus by the Difference of Latitud: 
and Departure from the Meridian, you my 
keepa true Account by Longitude and Lati 
tude, and prick it down upon the Globe, a 
any true Map, according to Mercator's Pio 
jection, if you reckon it thus in ſhort Di 
[tances, 
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fances, as Seamen uſe to do from Noon to 


Noon. , OR Ir 
You may work this alſo by Natural Sines, 


v1 4s Coſ, 48 deg. 1 5 min- to Rad. 
6659 10000 
18,280 miles, to 420 3} min. 
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Ere it will be neceſſary to have a Table of 
Meridional Parts, which I have drawn 

out of Mr, }right's Tables, to every tenth 
Minute of Laticude, accounting it in ſingle 
Miles or Minutes of the EquinoGial, the bet- 
terto avoid FraRions, as he and Mr. Norwood 


+= $1 A Table ot Mcridional Milcs. | 


ny 
5 
8 The Minutes of each Degree. 4 |Q 

. Oo __ EE, , nr" Q * 

2 | © | wo | 20 | 30 | 40 | 50 |F lg 
D The Meridional Milez. . \ 5 

O o| I0] 20 zZoj «: 40! | 1] 
I 60 70 80 90| .Ioo)} | 

2 120] 1z;o} 140] 15o0| 160 

3 130] 190] 200! 210} 220 

4 240] 250| 260 270| 280 

5 3oo| 310] 320} 330] 340 

6 360] 370] 38S0þ -390| 400 

7 421] 431] 441] 451] 461 

3 481; 491} 5olr Fil] $y21 

9 | $542, _ 552] . $62} 572] 5B: 

io | 6o3| 613]:,,623 633] 643 

Il 664\ 674] 684] 694] 704 

12 | 725] 735] 745] 755f 766 

I} 786] 797] B807t 817] - &27 

14 | 8248!| 8587; 869]. 8599} 889}. 

15 | .g101.1-920|- -931] g4rl 'g51 

16 972] 983] 993] 1004} 1014 

17 | 1035] 1045] 1056 1066 1977 

18 | 1098] 1108 1119] 1129 1140 

19 | 1161] 1172 1182] 1193! 120} | 
20 | 1225} 1235] 1246 1257 1267 5 
21 | 12%9 1299] 1310 1321| 1332| 1342 I! 5 
22 1353] 1364 1375] 1386| 1396 1407] w. I$ 
23 | 1418] 1429, 1440] 1451] 1462] 1473! 1 | 
24 | 1484 1499] 1505 1516] 1527] 15381 1 | 
2 1549; 1561] 1572; 1583| 1594 1605| 1, | 
26 | 1616] 1627] 1633] 1649! 1651. 1672] 11 | 
279 | 1683] 1694] 1705} 1717] 1728 1738] 1}; \ 
28 | 1751] 1762] 1773] 1785] 1796 188} 1 | 
29 | It 1g] 1930] 1842} 1853} 1365 1867] 11 


4L 


had: jo *F2aq 3 


gc HE 
| 


A T4blc ot Mcridional Miles, 
The Minutes of each Degree. 


A. 


O 


3710 | 20 [30 | 40 1 50. 


The Meridional Miles, 


2040 
2111 
218} 


| 1895, 
1969] 


- 
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I911 
1991 
2052 
2123 
2195 


2256] 
23 " 
2405 
2481 
2557 


1923 
1993 
2063 
2135 
2207 


2268 
2242 
2417 
2493 
2570 


| 2635; 
2714 
2795 
2876 


2648 
2728 
2808 


2850 


2959] 2973 


3044] 
3130 
3217 
3396 
3397 


3050 
3144 
$238 
3321 


2412 


2281 


2355 
2430 
2506 
2583 


2662 


2741 
2822 


2904 


2987 


14 


307 © 
3159 
3247 
3336 
3 425 


3490 
3594 
3681 
2780 
2381 


Z5C5 
3 60v 
3697 
3797 
3399 


2616 


9 1 44091 4425 


3985 
4092 
AJO1l 
4313 


4294 


400} 
41 10 
421© 
433: 
4448 


3521 
3616 
3714 
331: 


402 © 
4125 
4238 
4351 


4468 


4370, 4 * 90 
4487] 4507 


TY 


A Table ot Meridional Miles. 


18 | d 
(= The Minutes of each Degree. = 
Ak by \ The 
N. o | 10 | 20 | 30 | qo | 50 |? 
8 | ___ The Meridional Miles, ] 
6o | 4537| 4547] 4567] 4588] 4608] 4629] 1 
61 Bal 4648| 4670] 4691] 4711] 4733] 4754] 2: 
62 | 4775] 4795] 4813] 4839] 4861] 4883] y} 
63 | 4905| 4927] 4949| 4972] 4994} 5017] uf Kid 
64 5oz39l $5062 Fo851 5108] 5132 $155]u} 4 
65 $179 $203] 5226; 5250] $275 5299 299] 2 q 
66 | $324] 5348] 5373] $390] 5423] 5449] 1 
67 | 5494] 5500| 5520| $552| $678| 5404| if 
68. | 5631] 5658] 5685} 5212] 5739] 5767|} | 
69 | 5795] 58231 yozr] 5879] $908] 5937] 1 
mo | 5966 5996| 6125 | Go55] Go8 bob 6x15] 1! ” 
71 | 6146] 6177] 6208| 6239 ok 6303 * bir 
72 | 6335] 6368| 6401 Pf 6468| 6501] ji} wh 
73 6535 6570] 6605] 6640] 6675| 6718] if Me 
74 1_6747]_6783] 6820] 6857] 6895! ©933{ pf La 
75 | 6972] 7010] 7050] 7089] 7130| 7170) s | 
"| 7311] 7253] 7295] 7338 7381 7424] 4) of 
77 | 7469] 7513] 7559] 7605] 7651] 7698] 4 
78 | 7746| 7795] 7844] 7894! 7944] 7996| « 
79 8048 8100 8154 8209| 8294 | 8320 ( of 
8 | 8377] 8435] 8495] 8555] $616] 8678] & 8 
31 | 8742] 8806] $372] 8939] 9007 9077 | M, 
82 | 9148] 9221] 9295] 9371! 9449] 9528| 77 
83 | 9609| 9692] 9778] 9865] 9954[10046| 8 ,, 
84 [10141 10235; 10338 l0441110547|[10656119 av 
5 110770 ol 10887[11 t10c7]11133]11263/11398| 1h 
36 [115391 1686]11839]x1999[12168|12344|16! 
87 [12521 12718 12927]13150 13388 I3644[240 ic 
28 13920[14221|14550|14914[15321[1578; z86 
8g 16318, S 16350 17726|18729 IO152| 2262 V 


— - — 
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The Uſe of this Table is after this 
1 manner. 
At Prop. 113. 
. i] Crowing the Latitudes of any two Placer, to find 
;| vi! the Meridional Miles or Minutes between 
pl a | them. 
9] 20 
+ This Propoſition hath three Caſcs. 
pl Firſt, 1/hen one Place is under the Equino@ltal, 


—} and the o1ber towards one of the Poles, Then the 
| Meridional Minutes an{werable to that Flace 
which hath Latitude, is to be reckoned for the 
Meridional Difference of Latitude, or the 
Latitude inlarged. 

Secondly, When both Places are towards one 


5 

; 

, ; 

of the Poles, Then ſubtrakt the Mcridional 
, 

9 


—— SS SAS a4 ——— 
©.» = —_ C— — <> 


q Minutes anſwering to the leffer Latitude, out 
« of the. Meridional Minutes belonging to the 
6 greater. Latitude, the Remainer will be the 
| 4 Meridional Miuutes required, 

[77 Thirdly, If ove Place bave North Latitude, 
) 
| 


ond ihe other South; Add the Meridional Mi- 


_ nutes belonging to each Place together, and 
4 the Sum thereof is the Meridional Minutes | 
|1ze Required, 

zj YFaving thus found nut theſe Meridional 
|_ Minutes for any two Places, you may thus 


make uſe of them, 


Prop, 
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Prop. 114: 


By the Longitude and Latitude of trwo Placy, 
find the Rumb from the one to the other, 


Firſt rnd the Meridional Minutes betwes 
the two Latitudes 3 then, 
As the Meridional Minates coutained betweenig 

two Places, 

T1 their trme difference of Longitude in — 

So 4s the Radings, 

To the Tangent of tbe Rumb leading froms n 
exe Place to the other. 


| 
| 

Prop. 115. | 
| 
By the Difference of Latitude, and the Rumb yi 
bave ſailed wpon, to find the Difference | 


Longitude. 


Firſt ind the Meridional Minutes belongin 
to the Diſſesence of Latitude z then, 
As the Radius, 
To #he Targert of the Rumb : 
Sotve Meridional Minmies of Latinde, 
To the true Minntes of Loagitude, which you 
may divide by 60, and fo turu in'0 Degrers 
Thcleare the two chict Propoſitions where! 
1n this Table is uſeful, viz. To tind the tw 
Rumb and Diſtancs iis 7.ca ary two Foy 
wy! 


| 
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which in ſmall Diſtances may be pertormed by 
the Rules of Plain Sailing, as before (hewed ; 
eſpecially if you make uſe of Prop. 112. for 
the finding of the Longitude, which is ſome- 
what more readily performed thereby, in caſt- 
ing up your Dead Reckoning every day or 
two, Indeed this' Table is only neceſſary to 
find the Rumb and Diſtance and Longitude of 
Places far diftant 3 but the 107, 108, and 109, 
Propefitions, which maſt be uſed in this man. 
ner of Sailing, and alſoare the moſt neccflary 
for the keeping of an Account, muſt always be 
wrought by the true Diff.rence of Latitude, 
and not by the Meridional Table. 

I might make many various Qucſtions and 
Ex:mples out of thcſe Rules 3 but thele are as 
many as arc of neceſſary and ordinary ule, and 
by which all others may be performed, 


128 


F 

— i 9 
Of Circular Sailing, os Sailing by the p 
Arch of a Great Circle. \ vi 

I 


His though in ſome (enſe it is the moſt | &l 
exa&q way 0! Sailing, (hewing the neareſt | t 
way and diftaricc between avy iwo Places 3 yet | x 
it is very difficult, and withal ot !1:tle uſe. For 
Scamen do {ldom keep their Courle near this ' 
Arch, but arc either drawn #fide from it by 
{ome conveniences of Winds and Streams, as | 
in ſailing co the Weſt- Indies, they hale away | 
more to the Southward 3 or clſ{c they are forced 
trom this Coutrle by croſs Winds, or interpo- | 
ſition of ſome Hcad-Jands or Iſlands: So that | 
their beſt way is to keep their Account by the 
former Rules. Oaly having skill herein, they 
may ſee that it 15 many tim:s the nearer way 
to leave the Rumb, aud to fail more Northerly, 
aS in ſailing home from the Ieſt-Indies 3 which 
makes th ſe that kicp not a true Account by 
the form... Rules, bur reckon altogether by the 
Plain Chart, to be at the Laxds exd many 
Leagues before their Account. Alſoin a Pa- 
ralle! Courſe, as from the L1uds end to New- 
fonnd-land, you may fee how you may advan- 
rage your felves by railing and depreſſing the 
Pole 10 or 12 Degrees, which will be a great 
help tor the keepit,, your. Accuunt, and yet 


£0 
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' goa nearer way than it you ſhould fail on the 
— | parallel of Eaſt and Welt. 

' But becauſe this may be more readily and 
the plainly performed by G:ometry, I (hall rcfer 

; you for this to my Geometrical Seaman, being 
htcly inlarged, and made more practical, for 
noft | the ready Keeping of your Account by Lati- 
reſt | tude andLongitude, by new Tables for that 
yet | purpoſe, 
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Fo ib 
MEASURING 

AND 

| ; 7 l 

SURVEYING!: 

Prop. 116. | : 


To meaſure a Boars being a loag Square. 


Firſt meaſure the breadth of the Board in 
knches.. Then, | 
As 12 Taches or one Foot in breadth, 

To 12 Tachey or one Foot in length : 
So the Inches of the bre:dth; 
Jo the Inches of the length for one Foods 

Werk by the backward Rulc, 
As12,t0 12: $96, to 24. 

Or ci{c divide 144, the Inches in a Foot of 
Board, by the Inches of the breadth of thc 
Board, 

Some 144 divided by 8 Irc'er, ſhes 18 Inchit 

make a Foot, 
And ' 44 divided!y 9 vie:ds 16 Taches in a Fol. 
Ars | 


d 1a 
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And 144 divided by 18 yields 8 Inches in a Foot. 
So by opzning the Compall:s to this di- 


| ſtance, and turning them all along tothe end 
' of the Boazd, you may know how many Feet 


tis in length, 


Another way. 


Let your Ruler be divided into Feet, and 
Decima!s of Feet inflead of Inchesz and meas 
ſure the length and breadth of the Board there- 


' with, and multiply the one by the other, 


Example. 4 Board is 1 Foot 17 parts broad, 
and 16 Foot 32 parts long, it contains 19 Foot 
and a tenth part of -@ Foot almoſt, viz. 19,09 44- 


Prop. 117. 


In Tiling Workmen reckon by the Square, 
_ 1519 Foot every way, containing 100 
cet. 
There is a Roof 16 Foot 25 parts broad, how 
much thereof makes a Square ? 
Divide 100 by 16. 25, the Product will be 
6.154 that is, 6 Feet 154 parts, 


Prop. 
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Prop. 118. 


A Barn hath the breadth of the Roof 15 Forty 
parts, and the length of the Barn 2s 47 Fug, 1 
How many Squares of Tiling bath it ? a1 


Double the length (that you may count 
both Sides of the Roof) it makes 94 Feet;| x 
which multiplied by 16.25, yields 1527.5;} j 
which divided by 100, yield 15 Squares 27 
Feet and an half over, which is a little abox; 
a quarter of a Square. 


Prop. 11g: 


In —_ men reckon by the Yard Square; } | 
ſo cach Yard hath 9 ſquare Feet. 


A certain Court or Tard hath 17 Feet 35 parti | 
in breadih, and 3o Foot 5 parts in length; 
How many Square Tards doth it contain # 


Multiply 17. 35 by 30.5, the Product will | 
be 529. 1755 which divided by 9, the Quo- 
fticnt will be 58.797, ſomewhat above 58 
Yards 3 quartcrs. 


Prop. | 


| 


| 
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Prop. 120. 


In meaſuring of Land, a Perch or Pole is 
16 Feet and an half, and four Poles in breadth 
and 4O in length make an Acre ſo that an 
Acre is 160 Poles. 

Now to meaſure a ſquare piece of Land, 
multiply one of the Sides by the other Side 
joyning to it, and divide the lum by 160, 


' A piece of Land being 40 Poles one way, aud 


20 Poles another way, theſe multiplied make 
800 Poles; which divided by 160, fhews 
5 Acres for the Content, Or elle, 

As 160, to the one Side 40 Poles : : 

$4 the other Side 20 Poles y to the Content int 
Acrer, 5 Acres. 


Prop. 121. 
To meaſure a Triangular piece of Land. 


Meaſure the longeſt Side of the Triangle 3 
and the Perpendicular from the Angle oppo- 
fed to that long Side, and then multiply the 
half of the one by the whole vt the other, and 
divide by 160, 

Let the Side be 60, the Perpendicular 40 3 
60 multiplied by 20, or 40 by ZO, 4Kes7 1200, 
which divided by 160, yicl4s 7 Acres and an 
balf for the Contents. 

Qr 
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Orelſe you may multiply the Side 60an 
the Perpendicular 40 tugethcr , they mike} Po 
24e0; and divide it by 32c {whole Log} ba 
2. 505150) which 1s the double of one Acre | #9 
*tyicids the ſame Content. by 
As 320,t069: So 40, 10, 50. 


Prop. 122. Be 


To meaſure a Trapezia, or a double Triangle, | 


Multiply both the Perpendiculars by hif! 
the Diagonal Line, which is the common Bake | 
of both the Triangles, and divide by 169. 

Thus let the Diagonal line be 40, one of the 
Perpendiculars 15, theother 8, theſe two added 
together make 23, which multiplied by balf the 
Diagonal-line 20, make 460 3 which divided by 
160, makes 2 Acres, 3 Keds 20 Poles. 


Or cle, | | 

As 320, to the Sum of the two Perpendiculart 
23: | | 
So the length of the Diagonal-line 40, 2 the | 
Content, | 


Frop. 123. 
To meaſure a Circular picce of Land. 


Muſiply half the Diameter by half the Cir- | 
cvmtere.cc, and divide the Product by 1 60. 
$0 | 


O and 
Make 


[ 'p, I; 
Acre, 
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$9 the Diameter of the Circle being 140 
Poles, and the Circumference 447 Poles the 
balf of theſe two, being 220 and 70, multiplied 
together, produce 15400 Poles which divided 


| by 160, yiel4 96 Acres and a quarter. 


Orelſe, wultiply the Diameter being 149 


| initſelf, it makes :96co 3 which divided by 


203.7 (whole Logarithm is 2,308951) makes 
96 Acres 22 parts, 


The Log. of 140 2,146128 
Doabled makes 4292256 
Subſtr. 203. 7, Log. 2,308991 
Reſt Log. 96. 22. 1.983265 


Prop. 124-+ 
To meaſure az Oval piece of Grownd. 


Let the Oval be 30 Po'es onc way, and go 
Poles the other, W hat is the Content ? 

Mulizply the l:ngth 4 by the breadth 3o, 
It makes 12003 Which divide by 203 +, 
It yiclds 5 Acres, 3 Roods, 25 Purchics. 


Prop. 125; 


By this Number 203 , you may alſo nd 
the Acres contained in any half Circle, or 


quarter, or fixth part, or any ſuch Section 
of 
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of a Circle, multiply the Semidiametcr \, 
the Compals linc, and dividing by 203 : 
whoſe Log. is 2. 3< 8991. 


Prop. 126. 
To meaſure Brick: work. F 


Brick-work is uſually meaſured by the Ry 
or Pole, each Rod containing 16 Foot anda 
half; and a Brick- wall of one Brick and a 
half thick being ov:c Rod ſquare, is2ccounte} ſo 
for a Red of Brick-work 3 and 4500 Brick! R 
will mak» ſuch a Rod of Work. K 

Now theſe Wails or Sides of Houſes mui} th 
be fizit meaſured according to their formin} 4 
length ard breadth, according to Art, therch 
to hnd 0.4 how many Rods they contain and} 7; 
bccauſe a Rod is ſuch a long mealure, it wil 
do b*ti, as in meaſuring of Land, to divid! 
the Rod into 10 parts, and fo each of them} 5 
into 10 Icfler parts, making in all 1c pant, 
or 1£00 if you will 3 and thus meaſuring the} 7 
length and breadth or rathcr the height) 
any Wall, and multiplying them together, 
you ſhall have the Content in Rods, and 1co: fi 
Or 1000 pats of a Rod. 


Example. 

Let a IWall about au Orchard or Garden 
60 Rods in length,, and half a Rod bigh, that: 
Z5 cO parts of the Rod high 8075 many Rudi 
doth it contain? Tix | 


Cr b 


 Rodt 


nd an 
d a 
nted 
rick; 


muſ 
mM it 
Ichy 


: 


wil 
vide; 


nem | 
ts, : 
the] 
) of 
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The length, Rods 60 ©o 
Multiplied by tbe breadth, Rods oO 50 
Tels Rods 30 ©o 
Ag:in, The Wall of an Houſe being three 

F' / C4 UN ©3 OO 
$43 & Rods in compaſe, 12 ©0 
Maltiplied 1#kes Rods 36 oo 
But nc all Walls are not of this thickneſs ; 


ſome arc two Bricks, ſome three : To reduce 

Rods of ſuch thickneſs to Rods of ordinary 

Work of one Brick and an half thick, work 

thus, 

At the thickneſs of an ordinary Rod of Work) _ 
reckoxed in half Bricks, which is - 


Bricks 3 viz. 1wo Bricks and an half, 
which makes 5, or any other thickneſs, 
Fo the number of Rods of the Content 
found by meaſure, £ : 
To tbe Rods which it will yicld of ordinary R 
Work of a Brick and an half thick, C 
Or tor your more plain and ready ule take 


and} To the thickneſs of any other Wall in balf : 
5 


2 
© 


C0 | this Toble. 


A Table 
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V A Table to reduce a Brick-wall of any thi 
S| nels to the Content of Ordinary Wot, 
I) which 15 a Brick and an halt thick, 
be ————  , |, 
He The thickneſs of tbe Wall, Bricks. 
>= 
K 1 L "1 
Srl | 2 |2tlg3 13% | 4 
= - — - —JkÞ 
E The Content ther zof reduced into Rods and part, For 
S]> v|a t&*> >> 2 =__ _—_ 
[S 8]S E[&S E[SEj&2[S E[&ff 
. vane 4p GY!» in . &, — an) 
Wo 6571 12 o00' 13} 1 67] 2 00 2 33 64} of 
2] 1 33] 2 00] 2 67 333! 4 09 4 67, 531 Inc 
2| 2 ©0 3 oo 4 ©0 5 00] 6 00; 7 00; bot 7 
| 4 2 67] 4 00| 5 33] 667 8 00; 9 33 106; Ior 
5| 3 331 5 00; 6 67] 8 33 10 90{11 67/13 FÞþ 
| 6 4 00! 6 00. 8 o0olto e0'12 0014 00/16 of] 
( 7' 4 67 7 00! 9 33/11 67 14 00 16 33 186} 
{ 8, 5 33] 8 00, lo 67/13 3 33,16 00 18 67 21; Th 
| 9. 60 9 0o!12 00/15 00/18 00 21 00/248 | 
10! 6 67,10 oof13 33,16 67 20 00/23 33,266], 
ie———————— Rn——_ _—_ mn— _ 
Lil 7 33/11 col14 67 18 33 22 09!25 67 29 31] pic 
L2 ; 00/12 00:16 00 20 00'24 09, 28 00 32 pie 
2 6 | . 6 22 246 
12 7|*3 00117 33 2 1 67'2 00 30 33 34 0 "Foy 
I4 G 3Z I 4 00! 18 67 23 33 28 00 22 67 37 3} on 
= oo 10 00115 00j20 00 25 00 -J0 02,35 00.490 bat 
499 hd = wy PT 7 
16'10 67/16 00121 33 26 67/32 00 37 53 4261 yo 
"yy II 3J3 Il'7 c0,22 67 28 33] 34 00 39 67 4531p, 
18 12 00 18 OO 24 O00 30 00 26 00 42 00.48 of|! 
9 12 67/19 00.25 33 31 67138 co 44 33.504] 
129/13 23 20 co 26 67 33 32140 00.46 67 53! 


Prep. 


| 
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Prop. 127. 
To meaſure a piece of Timber exaQly ſquare. 


The uſual way is to have a Line upon their 
Ruler, to ſhew how many Inches make a Foot 
for any Square, But it i5as good a way, or 
better (ſpecially if you caſt it up with your 
Pen) to know how much one Foot length of 
any Square will yicld in proportion to a Foot 


if of Timber, which is to contain 1728 Cubick 
if Inches; which you may do by this Rulc, 
If the Square of 12 Inches, which is be 


Wor every Foot lemgth yield one Foot Ngo 


Tim er, or parts 


$ibat ſhall any other Square, as = 26 


Square of 6, which is 


| The Anſwer will be 0,250 


Now multiply this by the number of Feet 
In length, and it yields the Content of the 


| piece of Timber in Fect and parts. Av if this 
"[piece of Timber 6 Inches Squarc, were 10 Foot 


Ml 


\}long, it would contain 2 Foxt 500 parts, or at 


balf. 
And thus you may draw out a Tablc for 


" your more ready uſe, as you may fſce in my 
| \ Parchaſers Patcrn, 


"om Prop» 


1.40 Of Meaſuring 


Prop. 128. 


To meaſure any kind of Timber, though it beny 
ſquare, but of any form, as three ſquare, fi 
ſquare, many ſq:tare, round, or of any oth 
faſhion 3 provided it be jfiraight and equal al 


aig. 


Caſt up the Superficial Content at the end 
ehercof, and tind how many Inches it contain 
by the Geometrical Propotitions before: going 
tor the tinding the Cont cnt of the Trjangl; 
long Square, many $quare, round Circle,&v 
and then work as bcfore in the latt, 


As 14.4, the Inches of the Superficial Conte 
of the end or Side of a Cubich Foot. 

1o 8 Cubich Foot containing 10CO parts : 

*o the Superficial Content of the end of an 
piece of Timber, lit it be 1co, 200, 300 
Inches, 
4 0 the $alid Content of one Foot length theres, 

$0 you (hall find tor x1c0 Inches Content, 

©. 694 parts3 for 200 Inch:'s, the doub! 


thereot, 1, ,359 »for 300,2,083, that js,2 Foal 


x; parts, W which you may caſt!y make into 
HhaTai Tots a0 1\;5 tor Your | fe. 


The Tzches of the Content at the end. 


and Snrvezing. I41 


—— 


A Table ſhewing the Solid Content of onc' 
Foot length of any piece of Timber, ac- | 
cording to the Supcrticial Content at the 
end thercot, 

== IN eaten PE 
_— T— — 

T.Þ$Z Ss \-J 
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142 Of Meaſuring 
Prop. 129. 


A mote eafie way for meaſuring round Timber 


Becauſe there is ſo much abuſe in the me 
ſuring of round Timber, I (hall ſhew yu 
ſomwhat a more plain and ready way for me: 
ſuring of round Timber, which is only thus, 

Take thecompals thereof with a ſtring, and 
then meaſuring the ſtring by your Ruler, 
how many inches the Tree is in Compals, and 
then find thoſe Inches in the Table, and ther 
you ſhall ſce how many Inches and parts 0 
that Trice will make a Foot of Timber,whid 
take out with your Compaſſes, and turn then 
over from one end to the other of the Tree, 
the ſeveral ſpaces will ſhew how many Feet 
Timber is in that Tree. 

Thus lt the compaſs of a Tree be 60 Tuchet; 
you ſhall find inthe Table againſt 60 Inch. com 
paſs, that 6 Tuch. 03 par. of an Inch, divided int 
ICO parts, makes a Foot of Timber ſo that1 
the picce of Timber be 12 Foot long, there ir wn 
wear 24 Foot of Timber in it ; fur 12 Foot and 
1 Inch is ſomewhat more than 24 Foot. 

If the Tree excecd the compals of 100 Inc, 
(which 1s the greatclt number in the Table) 
then take half the compals,and find the number 
inthe Table bclonging tFereunto, and divice 
it by 4.3 that is,take a quarter of that number; 
and fo many Inches and parts will make a Foot 
of Timber of a Tree of chat compals, 


The Compaſ, of the Tree in Inches. 


and Surveying. 


I43 


Table ſhewing how many Inches in length make 
a Foot of Timber, of any Tree or round piece 
of Timber whoſe Compaſs is known. 


gm_—_— 
, | Inches Pare Comp. | Inc. par Comp. . par. 
Corp. \[nch- par.) | Comp. [Inc. par | |Comp. [Inc- par 


to[217 15| 41)iz 92 71] 4 31 
111179 46 42112 31 72] 4 20 
12]150 80 43111 74 73] 4 os 
13j129 49 44/1 41 74] 3 97 
141110 79 45110 72 75: 3 86 
15] 94 31 46|10 26 76] 3 76 
16] 34 82 47] 9 83 77] 3 66 
17] 75 14 48] 9 42 73] 3 57 
2.18 67 02 4 49 9 O04 8 79 3 43 
$191 60 15] |Q5o| 8 69] IR8o| 3 39 
X20 54 29] [251] 8 35 8 $i] 3 31 
$21] 49 23 » 52] 8 03 $2] 3 23 
" 22] 44 86] | $53] 7 73] | 83] 3 15 
523] 49 90 541 7 42] | £84! 3 08 
a 37: 699 17. 991 7 23] {7,991 3 of 
$25] 34 74] [$55] 6 92] |886| 2 94 
4,26 32 12 57 6 68 —=8$7 2 87 
27 29 79 w 58] 6 45 .m 81 3 $6 
Y20| 27 70 D59 6 2 VIs8g9 2 
& "IE "RY 5 
& 291 25 82 E 60] 6 0©z3 E 9o] 2 68 
Q 30 24 13 QC 5 84 891 2 62 
v31]| 22 6C w 62] F 65 w92]| 2 
N32 21 21 N63 s $8 [N93 2 Fl 
33] 19 92 64] 5 30 94] 2 46 
344 18 73 65] 5 14 95] 2 41 
35] 17 74 66] 4 998 96| 2 35 
36] 16 76 671 4 84 97] 2 31 
37] 15 86 68] 4 70 99] 2 26 
z3b' 15 04 69] 4 56 99] 3 22 
39] 14 28 70] 4 43 100] 2 17 
13: 77 - 
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OE Molar: 
14.3 Of Meaſuring 


Prop. 1309. 


To mcs/1uire Tapering Timber. 


Many times Timber is Ifler at one endth 
11: other, and molt Tices or round Timber! 
to, Now the common way to meaſure ſuch 
picce of Timber, is to mealure it by the {qu 
or compals taken in the middle trercof : þ 
that gives the quantity a good deal too little 
ad the more tapering, it is,fo rwuch the wor 

Theſe picccs cf tapering Timber are ith: 
parts of Concs or Pyramides; Now the wi 
£0 ineaſure a whole Cone or Pyramide is! 
Prop. 53. 54. to multiply the ſuperficial Co 
tent of the Baſe by a third part of the lengtl 
And the beſt and plaincſ way to mealureth 
Sections, willbe, as you may (ce in my P 
cbaſers Pattern, firſt to find the length of t 
whole Pyramide or Cone, and fo to find th 
Content thereof; then by the ſuperiicial Co 
tent at the lefſer end, and the length whici 
belongs to that part, find the Content thered, 
asif ir were a Conc or Pyramide of it (|: 
Laſily, SubtraRt the Content of this lcſler top: 
part from the Content of the whole, the Re- 
mainer mult needs be the Content of the big 
ger bottom-part, which you were to meature 


| -——— 


Non 


end Surveying. T 45 


Niw to find the length of the top-part of the 
'  Coneor Pyramide which is cut off. 


Meature the Sides or Diameters of the two 
ends, and obf{erve how much they differ from 
1 each other in: breadth, Then, 

Ai the Difference of the breadth of the trro Ends. 
Tothe length between them: 

$0 the breadth of the greater end, 

To the whole length of the Cone or Pyramaze, 

Orif this may ſeem difficult and tedious, 
you may part your piece of Timber as it were 
into ſeveral parts, 10 or 5 Foot long, and (+ 
meaſure cach part according to its ſquare or 
compaſs in the iniddle, and then add them all 
together. This will come very nearz and you 
will find much ditfſercncc between this, and 
meaſuring the whole piccc at 002 by the mid- 
dle, | 
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Of Mo alas: 
14.3 Of Meaſuring 


Prop. 1309. 
To mes/ure Tapering Timber. \ 


Many times Timber is 1cfler at one endth 
1: other, and moft Tices or round Timber; 
fo. Now the common way tov meafure ſuch 
picce of Timber, is to meaſure it by the {qu 
or compals taken in the middle thereof; þ 
that gives the quantity a good d-al too littl 
ad the more tapering, it is,fo mach the wor 

Theſe picccs cf tapering Timber are cit 
parts of Concs or Pyramides, Now the wi; 
£o meaſure a whole Cone or Pyramide is! 
Prop. 53. $4. to multiply the ſuperficial Co 
tent of the Bate by a third part of the lengt 
And the beſt and plaincſt way tomealure th 
Sections, willbe, as you may (ce in my P 
cbaſers Pattern, firſt to find the length of t 
whole Pyramide or Cone, and fo to hind t 
Content thereof; then by the ſuperficial Co 
tent at the lefſer end, and the length whic 
belongs to that part, find the Content theredl, 
as if ir were a Conc or Pyramide of it {| 
Lalily, Subtract the Content of this lcſſer top: 
part from the Content of the whole, the Rel 
mainer muſt needs be the Content of the big 
ger bottom-part, which you were to meature 


Nan 


end Surveying. T.j5 


Naw to find the length of the top-part of the 
Cone or Pyramide which is cut off. 


Meature the Sides or Diameters of the two 
ends, and obſerve how much they differ from 


} each other in: breadth, Then, 


Ai the Difference of the breadth of the two Ends. 
Tothe length between them: 

$9 the breadth of the greater end, 

To the whole length of the Cone or Pyramide, 

Or if this may ſeem dilficuit and tedious. 
you may part your piece of Timber as it wer-: 
into ſeveral parts, 10 or 5 Foot long, and (+) 
meaſure cach part according to its {quare or 
compaſs in the middle, and then add them all 
together. This will come very nearz and you 
will find much ditfercnc=: berw cen this, and 
meaſuring the waole piccc at 00% by the mid- 
dle, 
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GAGING 


Here is not much difference betwee 
Gauging and Meaſuring other Solids 
only they are meaſured by Feet and Pani 
theſe Veſſels by Gallons, Quarts, and Pints 

There are two things herein chiefly necel 
{ary, yetboth controverted. Firſt, Theſe Vel 
{els being for the moſt part of irregular forms, 
how to reduce them to a regular Proporti 
on. Secondly, To find the true quantity & 
my Gallon in Cubick Inches, or parts of a 

Ot. 

For the firſt of theſe, one of the beſt ways i 
that of Mr, Oughthred*s. Mcature the Diametet 
of the Cask both at the Bung and at the Head, 
and by their Diameters tind out the Arca of 
thcir Cricles. Then take two thirds of the 


Area at the Bung, and one third of the Arca at 


the Head, and add them together 3 this will be 
the mean Area of the Veſſcl, Laftly, If you | 


multiply this anzan Area by the length of the 
Ve 1, it will ſhew how many folid Inches the | 
vlul containsz which it you divide by the 
Numbcr ot ſolid Inches in one Gallon, "y 

IW 


Of Gaging. 147 
hew you how many Gallons the Cask will 
hold. 

Example. Szppoſe a Wine Cask, baving the . 
Diameter at the Head 18 Inches, and the Dia- 
meter at the Bung 32 Inches; and the length 
40 Inches, What is the Content ? 


L of the Area at the Head is $4,823 
3 of the Ares of the Bung arg | $36,166 
The Sum of theſe twa 622,909 
Multiplied by the length 40 
Makes ſolid Inches 24839,560 


which divided by the ſolid Taches in one Gallon of 
Wine, which are 231 Inches, yields for the con- 
tent 107 Gallons 530 parts, that is, ſomewhat 
above half a Gallon. 
But now here is the ſecond difficulty to re- 
ſolve how many ſolid Inches are in a Gallon. 
As for the Wine Gallon, ic hath been and 
ſiillis commonly received, that a Wine Gal- 
lon contains 231 Cubick Inches: yet Dr. Iy- 
bard pleads that it is fomwhat leſs. viz. 224 or 
225 at moſt, But this difference is not fo 
much as others make it in the Ale Gallon 
for though moſt old Gagers and the Coopers 
make the Ale Gallon to the Wine Gallon as 
4to53 ſo that the Wine Gallon being 231 
Inches, the Ale Gallon is 288 Inches 4 : yet 
lince the Exciſe it is accounted by them but 
232-Cubick Inches, 
G 5 According 


148 Of Gaze, 

According to theſe Rules and Obſervati 
this Table is calculated, ſhewing the + of th 
- Area at the Head, and + of the Area at th 
Bung, of any Cask rcady caſt up in Gally 
and 10co parts for Wine meaſure 3 fo th; 


meaſuring the Diameter of any Cask at th 


Head, and at the Bung, and adding theſe tw 
Numbers together, and multiplying their Sun 


by the length of the Cask, you (hall findth 


Content thereot in Wine Gallons. 
Example. Suppoſe the Diameters, 


As the Head to be 18 Inches 0,36 
At the Bung to be 32 Inches . 
The Sum of theſe ty 2,68) 
Maultiplied by the length 40 Inches 4 
Makes veyy neer as before 107,50 


that 4, 107 Gallons 520 parts of @ Gallm, 
#9at iz, 8 little above one balf of a Gallon, 


þ - FE 
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You may inlarge this Table to parts of Inches, 
and draw it into a Gaging Line or Rod, and make the 
like alſo for Beer and Ale Gallons, as you may fee at 


——ATable for the Gaging of Wine Cazik. j | 
( Head | Bing | | | Head | Bung | | 
G, parts | G, parts G, parts | G, parts | 
t]o ool]o oo2 31| 1 o8g|2 178 
2 | 0 - 024 | © 009 | 2| 2 160|23 321 
z10 oloſo o30 33] 234] 2 468 
4|]0 018 jo 036 24 | & 32645 & vn 
5]o 028] © o056 35 |n 388] 2 776 
610 045 | o oi 36|r 469| 2 9759 
7|o oj56]o 111 39 | 1 $52 | 3 202 
8lo 072|[0 145 384 t 636] 3 272 
go o092|0 1383 139] 1 72:4] 3 445 
wo 1i3| o 226 40 1 813 | 3 Vas 
iſo 137 |o 274 py i 9go4] 3 $So9 
I2zjo 163] 0 326 2 | 2 000 | 4 000 
lzſo 192[o 383, F+ 2 =o, 4 19! 
l4]o 221]0 444 44] 2 194 | 4 386 
liSlo 255| 0 $lo 45 [2 295| 4 58< 
16] 0 390 | o 580 46|2 398| 4 79E 
nlo 318 lo 657 47 | > $04 | 5 007 
8]To 367]o 734 43 | 2 611] 5 222 
9] o 40g] o 8318 1493|2 72115 4x82] 
20[o 453] o gob[ gt 833 | 5 665 
21] © 500 | 1 ooo jrl2 9g48 | 5 395 
22ſo 548] 1 097 | 2 | 3 o651i6 129 
zlo 600 | 1 193 $3] 3 21941 6 699 
# o 653|1 305 54 | zo5 | 6 365 
2510 708| 1 416 S5l 3 428] 7 159 
26 b 766| 1 $532 56 | 3 $54[] 7 384] 
27lo B26] 1 69g: $7 | 3 682 7 6:5 
8] © 883 Ws $8|3 $13] 7 $90] 
9]o 953] 1 go6 59] 3 945|8 as 
zol o 0:0]2 o49| bo | 4 o80 


large in my Parcialt ; P at? __ 
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To Gauge a Cask which is not full, 
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which arc not full, 


A— 


A 


000 
295 
470 
602 
20 
830 
935 
1038 
1139 
1235 
1339 
1420 
LFO2 
1596 
1681 20 
1764 
1946/21 
1918 
2010 
2091 
2171 
2242) 
2229 
24905 
2481 
2556 


13 


14 


| 


1 


[22 


*5| 


24 


2630] 26 
2703 
2775 
2847 
2918 
2936 
z056 
$123 
3189 
3255 
32321 
3387 
345+ 
3517 
2582 
3647 

3712 34 
3777 

3342 35 
3996, 

3960[3.6 
4024 
4087 
4150 
4213/38 
4279 


27 


33 


37 


15476 


4335139 
4400 
4462 
4542 
4585 
4646 
4706 
4766 
4326 
43885 
4943 
5000 
5057 
FIIS 
5174 
$234 


46 


47 
j354 


5294 
a 


5535149 
5600 

5662150 
$724] | 
5787 
5850 


F 


; | 
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5913152 
5976 
6040 53 
6094 


6158 54] 


6223; 
6288] 55 


6418; 


[_G.1parts. 1G. parts. parts. [G. |parts. [G. [parts 


6353 
A 


6483 
6548|57 
6613 

6679158 
6745 
6811 
6877 
6944 
7012 


59 
60 


61 
7152 
7225 
7-97 
7370 
7444 
7519 


62 


63 


7 $95 


10000 


7671 
7758 
7329 
7999 
7990 
807: 
$154 
8236 
8319 
$404 
8491 
8589 
8661 
8765 
$862 
8962 | 
gobs | 
9170 
g280 
9398 


9530 
9705 | 
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Of Gaging. I 51: 
The Uſe of this Table is thus. 


Firſt meaſure the Diameters of the Cask at 
the Head and Bung, and fo tind the Content 
of the whole Cask. Then meaſure how many. 
Inches deep the Liquor is which is in the Cask, 
and then work by the Rule of Proportion. 

Example. Let the Cash be as before 32 Taches 
at the Bung, and the Liquor 24 Inches deep. 


As tbe Diameter at the Bung in Inches 32 
To the depth of the Liquor in Inches 24 
$9 the Radius of tbe Table 10000 
To the ou proportional 7500 

Find this Number 7500 in the Table, and 


it anſwers very near to 5© Gallons three 
quarters. 

Then work again thus, omitting the ſmal- 
ler Fractions, which are of little concern« 
ment, | 
Gal. pare | 
Arthe Gallons of the Radius 63 oo | 
To the proportional Gallons found 5o 75. | 
So the Content of the whole Cask IO07 50 
To the Content of the Liquor being 2% 4 

24 Inches deep 
that is, ſomewhat above 86 Gallons and an balfe | 


YN, 


I 52 Of Gaging: 


To knom the Content of any Wine « 
Beer Cask in Ale or Beer Gallons, 


The London Coopers Scantlings, 
For theBeer Barrel. 


The Diameter at the Head 19 Incher 9 par, 
The Diameter at the Bnng 23 Inches © par, 
The length 27 Inches 4 par, 


For the Kilderkin, 


The Diameter at the Head 16 Inches 1 pax, 
The Diameter at the Bung, 18 Inches 6 par, 
The Length 31 Inches 1 par, 


Theſe Scantlings do very well agree with | 


the old received quantity of the Ale Gallon, 
which allows it be 288 Inches 5, making the 
Barrel to be a Pint over 36 Gallons, and the 
Kilderkin a Pint and an halt. 

So that, 
As &» fo 5 . 


 Soanynumber of Wine Gallozus, to the Coutent 
of Wine Cask in Beer or Ale Gallons. 

But upon later Experiments, it hath been 
xelolved on by the Committee of Excile, that 
in the meaſuring of the Erewers Tuns and | 

Vellcls, 


ot 


Of Gagrng. I53 
Veſſels, the Ale Gallon ſhould contain but 
282 Cubick Inches, 

Now for the meaſuring of thoſe Tuns, 
whether they be Square or Round, or of what 
form ſocver they are, you mutt do thus, 

Firſt, you muſt hnd the Content of ſuch 
Tuns in ſolid or Cubick Inches, by the former 
Rules of Meaſuring ſuch Bodies; which di- 
viding by 282, the Inches in one Gallon, 
ſhews the Content in Gallons 3 and dividing 
the Gallons by 36 (the Gallons in one Barrel) 
ſhews the Content in Barrels. 

You may make this Work more ſhort and 


calie, ik you provide a Table, which ſhall 


ſhew you how to reduce the Foot-meaſure of 
any Superficial Form into Barrels and Parts 
So meaſuring the Superficial Content of the 
top or bottom of any Veſſel according to the 
Rules of Art, you fhall have the Content in 
Barrels and Parts for one Inch deep; which 
being multiplied by the depth of the Veſſel, or 
the depth of the Liquor therein, ſhews the 
Content or Quantity of the faid Veſſel or Li- 
quor. 

There are two ſuch Tables for this purpoſe, 
the one for ſquare Tuns, the other for round 
Veſſels, in my Purchaſers Patteryz which, 
thongh ſhort, may cafily be inlarged for ſuch 
as have need of them. 

T ſhall here give you another ſhort Table, 
which ſhall be moxe general for all Forms, 

ſhewing, 


154 Of Gagine. 
Gewing the Content in Barrels and Partsfq 
any number of Feet of Superficial Meaſuy, 
one Inch dcep. A 
Note, One Foot (quare is near half a Gil. 
' lon; forthere is 144 Inches in a Foot, which 
doubled makes 288, which ſhould be the} 17 
Content of the Ale Gallon, though here it is; 
little leflened to 282 Inches. 


Of Gagine., 
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into Barrels and 10000 parts, 


R Table to reduce Superficial Foot-meaſure 


'F, |B.parts [|F. |B-parts.|'F. |B.parts.| | F. |B. parts. 


1]10.0142[]29]0.4114,\ 560.7924} 83] 1.1770 
210.0284||z30[0.4255|| 57 [0.3086]) 84| 1.1914 
310.0426||3110.4397]|58[0.8228]] $5] 1.2055 
410.0567|[32109-45381|$9[0.3369}] B86] 1.2197 
510.070911z 310.46801;60,0.8510], 871 1.2338 
6]0.0851 34|0.4822 6r[0.8652 88] 1.2480 
710.0993113 519-4964 ||[®2[0.8794]}] 89] 1.2522 
8$[0.1135]|36]0.51061|53 0.8935] 90| 1.2765 
g910.12771|3710-5248}/16410.9076]}! gx! 1.2906 
10 0.1418 381045390 65 0.9218 92 1,3048 
11[0.1560|[;9/0.5532]|£610.9360}| 93] 1.3190 
1210.17021140 0.5674 67 0.9502 94} 1.3332 
1310.1844||41]0.5815])158]0.9644]] 951 1.3474 
1410.,1936j142 0.5956 69(0.9786| 96} 1.3615 
15]0.2128 [43|0.6098 7010.9925]| g9g7] 1.3756 
| 16]0.2269][440-6240[[71[1.006g9|| 98] 1.3900 
1710,24111145/(0.6382||72[1,0211]] g9] 1.4042 
1$[0.2553]!4610.652 4 173 r.0353]] 100] 1.4184 
19]0.26951:47|5.66661|[74|1.0495|] 200] 2.8368 
20[0.2837||480.6308|[75[1.0637|| 390] 4.2552 
2110.29781i49,0.6950 [76]1.0778 | 400] 5.6736 
2212.3I20||50[0.7092]'77;1.09:0}, 500| 7.0920 
23[5.326:}|51]0.7234|'78]1.1062]] 600] 83.5104 
2419.3404||5210.7 376 [79 1.1204]| 700] 9.9288 
2510.3546[[53'0.75183||80| 1.1347 | 800| 11.3472 
2610.36881154\0.7660|,8111.1488|| go0j12.7656 
27 0.3330 55.7802 32/1.1630 l0001[14.1840 
26,0.3972 = 


— 


| 
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Prop, 131. 


To Gage a Ship, and caſt up how may Tun 


her Burden 31+ 


Meaſure the length of her Keel, the breadth 
at the Mid-ſhip Beam, and the depth of the 
Hold, and multiply thcſe three one by the 
other, and divide the Produdt thereof by 1co; 
So you ſhall tnd how many Tuns her Burden} 
Is, 

Example. Sxppoſe 2 Ship, having tbe length 
of her Keel 50 Foot, and the breadth at the Mid-| 

ſhip Beam 20, the depth in the Hold 10 Fa; 
How many Tuns will the Ship carry ? 
Multiply 50 by 20, it makes 10003 aid 
that multiplied by 10, makes 10000 3 which 
divided by 100, cutting off the two laſt Figures, 
ſhews the Ships burden to be 100 Tuns. 
But this xcckoning is. only tor the Kings 
Ships. 
Buc the Merchants Ships, who give no al- 
lowance for Ordnance, Malis, Sails, Cablcs, 
Anchors, which are all a Burden, but no | 


Tunnage, you muſt divide your Produdt by | 
95: So the forelaid Ship will be found tob: ! 
IO5 Tuns 3; parts, 


But this way of reckoning the Tunnage of 


Ships, though it may come ncar in tome 
Ships, yct it may miſs much in othcrs ; for 


all 
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all Ships are not built of the Came faſhion : 
therefore it is the beſi and trueft way to caft up 
the Content of the Ship more exactly ac» 
cording to the Rules of Art, with reſpe& had 
tothe Mold and Shape of the Ship, and fo to 
find how many Cubick Feet the Ship doth 
contain 3 and every Cubick Foot of Water, 
a:cording to ſome, weighs 55 pound Averdu- 
p{4z,; But Dr.JVybard finds every Cubick Foot 
of Water to weigh 62 pound 5838 parts. Now 
every Tun being 20 Hundred weight, and 
every- 100 weight 122 pound, which make 
2240 pound, divide this by 62 pound 588 
parts, it makes 35 Foot 79 parts: So that a» 
bout 35 Cubick Feet make a Tun weight. 

But here take notice, If you thus meaſure 
a Ship within, you thall find the Content or 
Burden the Ship will hold or take in. It you 
meaſure the Ship on the out-{ide to her Light- 
mark, as ſhe ſwims being unladen, you ſhall 
have the weight or content of the empty Ship 3 
and if you mcaſure from this Light-mark to 
her full draught of Water being laden, that 
o_ be the true Burden or Tunnage of the 

lip, 


Prop, 


vue 


-- 
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Prop. 132. 


Knowing the Meaſures of a Sbip of one Burley, 


to maks another Ship of the ſame Mold, whit 
ſhall be double, or treble, or in any proparti. 
on, more or leſt, tothe ſaid Ship. 


Multiply the Meaſures of the TIeng' 
breadth, and depth of the Ship Cubicaly, 
and then double or treble the Cube, and ex 
tract the Cube Root thercof. 

Example. The K eel of the fareſaid Ship being 
50 Foot, and her Burden bing 100 Tung, ty 
make another Ship like hersf 200 Tuns Burden, 

The Cube of 50 is 12500, which doubled 
makes 2 m= tbe Log. whereof is 5,397 940, 
the third part whereof is 1,799313, whichit 
the Log. of 63.00, which is the Cube root of the 
length of the Keel required, viz. 63 Foot, The 
like you muft do for the breadth and depth; 
which you may thus work by the Logarithms 

with much caſe and readiacls, 


—_— 


One Ship 109 Tuny, Log, 2,000000 
Theother 200 Tun , Log. 2.301030 
The Difference ©0,301030 
A'third part thereof 0,100343 


Aaded to one Ships Keel 50 foot 1,698979 


Y—_  — — 


Shews the other Keel 63. 0 I,799313 
OF | 


| 
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Prop. 133. 
The Names of the Principal Members of & 
Piece of Ordnance, 


HE out- fide round about the Piece, is cal- 

led the Swpcyficics of ber Metal 5 the Sub. 
tance or wholc mals of Mctal, the Body; the 
hollowne(s or Concave Cylir.der, the Boreor 
Soul; fo much of her Bore as containeth the 
Powder and Shot, is the Chamber or Charged 
Cylinder the Remziner, her Vacant Cylinder ; 
the Spindals or Ears are called the Trannions 5 
the Pummel at hex Coyle, the Caſacabel Deck 
the little Hole, the Towch: bole; all the Mctal 
behind the Touch-hole, her Breech or Coyle 3 
the greateſt Ring at her Touch hole, her Baſe- 
ringz the next Rivg above the Touch: hole, 
hcr Reinforc't-ring 3 the ncxt to that, the 
Trunnion Ring 3 the Ring next the Month, her 
Muzzle-ring 3 the Ring between the Trunni- 
on-ring and Muzzle-ring, her Cornifh-ring 3 
all the Rings and Circles about the Muzzle, the 
Frieze z the whole I:ngth, the Ch:ce. 


—_—_ —_— 
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Here followeth a General Table of Gunnery; Shew- 
ing the Length and Weight of moſt uſual Englih 
Ordnance, the Diameter and Weight of their Bul- 
lets, the Length and Breadth of their Ladles, and 
the Weight of Powder to Charge them, &%. 

A 


| 


The Names of the 
ſeveral Pieces of 
Ordnance. 


—OOODS| mw oo oo o—— 


ABaſc 

A Rabinet 

A Falconct 

A Falcon 
Vinion ordixary 
Minion largeſt 
Maker leaſt 

Sdaker ordinary 
Saker old ſort 
Demiculvcr. leaſt 
Demuculver. ord. 
Dc micul, o14 ſort 
Culycrin leaſt 
Culverin ordin. 
Culverin largeſt 
Dcmican. leſt 
{)cmicar. ordin. 
Demican. I wg 
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5 A Table of Gunnery. 
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Prop. 134+ 
Of the different Fortifications of moſt Pieces 


Ordaance, 


There are three Degrees uſed in Fortify. 
ing each lort of Ordnance, both Cannons 
and Culverins. Firſt, '(uch as are ordinari 
ly fortified, which are called Legitimay 
Pieces. Secondly, ſuch whoſe Fortification 
1s Icflened, which are called Baſtard Piece, 
Thirdly, Double Fortificd Pieces, or Extr> 
ordinary Pieces, 

This Fortihcation is reckoned by the thick. 
neſs of the Metal at the Touch-hole, at the 
T1unnions, and at the Muzzle, in proportion 
to the Diameter of the Bore, 

The Cannons double Fortified have fall 
one Diameter of their Bore in thicknels 
M<ctal at their Touch-hole, and 4+ at their 
Trunnions, and 7, at their Muzzle, The 
lefſened Cannons have at their Touch-hol: 
but + or +2 of the Diameter of thcir Boren 
thickneſs of Metal, and 7, at their Trunnt 


ons, and F£; at their Muzzle. The ordinary | 
Fortihed Carfnons have ; at the Touch-hole, | 


+ at the Tjunnions, and + at the Muzzle, 


All the douwble Fortified Culverins, and all 
If: r Pieces of that kind, have one Diameter 
and 3 at the Touch-hole, 45 at the Trunnt- 

Ons, 


ons, 
fort! 


youl 
ſene 


all p 
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ons, and 2; at the Muzzle. And the ordinary 
fortiticd Culyerins are fortified cvery way a5 
your double fortificd Cannons; and the leſ- 
ſened Culverins, as the ordinary Cannons in 


all points. 


Prop. 135+ 


Hem much Poreder is fit for proof, and what 
for aUlion, for any Piece of Ordnance. 


For Cannons ? of the weight of their Iron 
Bullet tor proof 3 but for ſervice :half the 
weight of the Tron Bullet is encugh, eſpeci- 
ally tor Iron Ordnance, which wil! not endure 
ſomuch Powder as Braſs Guns by one quarter. 
For Culvcrins, the whole weight of their Shot 
for proof, and tor action, ;. For the Saker and 
Favicon * of the weight of their Shot 3 and for 
kſſer Pieces the whole weight may be ulcd in 
ſervice till they grow hot, but then you may 
abate with diſcretion, For proof of theſe Ic(- 
ſr Vieces you may take once and + of the 
weight of theic Bullet, H.rcin alſo muſt be re- 
gad to the firength and goodneſs of the Pow- 


| Gr, which is to be ordinary Corn Powder. 


H Prop. 
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Prop, 136. 
To make Ladles to load your Guns with, 


The Ladlcs are to be fo proportioned fe 
every Gun, that two Ladle-fulls of Powde 
may charge the Piece, which in general terns 
Is thus. 

The Breadth of all Ladles are to be two Dj. 
ameters of the Shot, that ſo a third part of th 
Compaſs may be left.open, for the Powderti 


fall frecly out of the Ladle when you tum - 


the bottom upwards. The length of thei 
dles muft be ſomewhat diftcrent, according s 
the Piece is fortified. 

For double fortified Cannons; the length 
of the Ladle may be two Diameters and a 
half of their ſhot, beſides ſo much as is neceh 
ſary to faſten it to the head of the Ladle-ſtaf, 
which will require one Diameter more 0 
Plate : but this is not reckoned to the length 
of the Ladle, becauſe it holds no Powder. 


For ordinary Cannons, the Ladle mulina 
excecd two Diameters of their Shot in length. 
For Culverins and Dcmiculvcrins the Li 
dle may be three Diamcters of their Shot, and, 
threeand an half for leſſer Guns, to load then) 
at twice : If you will load them at once, you 


muſt double the length of the Ladle. | 


Obſerie 


thi 
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Obſerve this for a general Rule, That a La- 
 dle 9 Balles in length, and two Balles in 
breadth, will hold the juſt weight of the Iron 
Shot in Powder. 

But note, That Iron Ordnance muſt have 
| but three quarters of the Charge of Brafs 


| Ordnance. 


Trop. 137- 
| To know what Bullet is fit to be uſed for any Gun. 


| - It is convenient that the Bullet be ſome- 


what leſs than the Bore of the Gun, that it 
may have vent in the diſcharge, and not ſtick 
and break the Piece, Now forme think a quarter 
of an Inch lefs than the Bore will ferve for all 
Guns 3 but this vent is too little for a Cannon, 
and too much for a Falcon. It is more ratio- 
nal and artificial to divide the Borc of the Gun 
into 20 equal parts, and let the Diameter of 
the Bullet be 19 of thoſe parts, according to 


which proportion thg Table is calculated, 


Prop. 138. 


| Byknowing tbe weight of one Bullet, to know what 


any other Bullet will weigh. 


It isa common Opinion, and very near to 
the truth, as you may (ec in Dr. Wybard's 
Tafometris, That a Bullet of caſt Icon of four 

H 2 Inches 
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Inchcs Diametcr weighs 1.inc pounds of 4:4 
dupoiz weights, ter 
Now it an Iron Bullet of 4 Inches Diane} of 
ter weighs]. what (hall an 1:on Bullet of iþ kn 
Inches Diameter weigh? 
All Bullets have a Cubical proportion co} M 
to anothcr. Now by plain Arithimetick, th 
Cube of 4 is 64, and the Cube of Tis 51 
Thcerctore, 
Ai 64, togl. S-Yi2, ro72 1. 
How to perform it by Logarichms, youmy 
{ce in the ninth Propolition. 
Put if the Bullets be of ſcycral Metals, ya tal 
mult know the proportion which one Met} = 
hath to another, and ſo make a {ccond Open] F 
tun, « 


Example, 

The proportion between Lead axd Iron it 4 « 
wuch as two to. three: Now if you would kw <2 
wht either of theſe Bullets would weigh in Lead © 


F or the Bullet of 4 incics Diameter, Si 
412, to3: Sug lo 131. &. 
For the Bulict of 8 Inches Diameter, P 
t 


As 2,403: $0721. ro108!. in 
The proportion becween Iron and Stones} 
as 3to 8: Bur this is of hard Marble Stont| 
which is fit for Bullets. And in ſhooting thi} 7 
Bullets, you need not uſe ſo much Powdds| , 


for Iron Bullets. | 


b 


By 
Ji 


Arq 


ame. 
of | 
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By the weight you may alſo find the Diame- 
ter of any Bullet of Lead, Iron, or Stone, or 
of any other Metal whoſe Proportiun 13 
known. 

The commonly received proportions for 
Mctals are theſe. 

Lead i to Tron as 2 403; 
Lead is to Braſs as 24 to 19. 
| Leadirt) Stone a3 4 to Ie 
Iron is to Braſ; 21 15 19 10. 
Iron ir to Stone 45 3 198, 

The me exact Proportions bet ween Me- 
fals are tile. 

Supp fe a Cube or Bullet of a ccrtain bigneſs to 
weigh 102 l, weight the like Cube or Bullet of 
any of theſ: Metals or Thiags ſhall wiigh as fol- 
lwav, and bave this proportion. 


li, pts. li. ptr. 
Gold 100 00 | Braſs 47 37 
Quickſilver 71 43 | Iron 43 10 
Le.q 65 $53 | Tin 38 95 
Silver 54 39 | Scoxe 15 $0 


IVater Os 68 
Now if you wn'd know the bigneſs of the Bul- 


| I that will weigh thas much, you may find by 


the former Rules, Th it as a Ballet of Tron which 
witht 9), bath 4 T1ch.s Diametcr ; ſo a Bullet 
f Ir 1th it weighs 421. Eh 6 Inches * Dia- 
Miter, and that mt ke the marnitude cf the 


* Ballet which beixg caſt of theſe ſevera! Micizis 


il werg!) as aforeſaid. 


bt. In 
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In like manner you may find the weighty 


any other Solid Body, of differcnt Metals, 
theſe Proportions. 

Example. If a Cannen-Royal of Br 
weighs 8000 I. weight, what ſhall a Cannn 
Iron of the ſame length and thickneſs weigh! 
As 47.37 for the Braſs, Log. 3.6755 
To 42. 10 forthe Tron 3,6241 
So the raſs Cannons weight 8000s 3-903 

The Sum, ſubſtr. the firſt 7.5277, 


To the weight of the Tron Can.7 110. 3,851% 
I have here added the Proportion of Wat 

to thiſe Metals, according to Dr. Wybarl 
Experiment, who tinds a Cubick Foot of W 
ter to weigh 62 /, 588 parts, though Iu 
in others but 55 1. And by this you may k 
how much any Piece of Ordnance weighs 
in the Water than in the Air: For any $0 
Body loſeth fo much of its weight in theW 
fcr, as the quantity of that Body in Wat 
weighs. So that Gold loſeth in the Wat: 
5 1. 68 parts im cvery Hundred 3 that is abor! 
an 18 h,part : Brafs loſcth 51 68 partsin g/l. 
37 parts (hatis, above an cighth part ; Ira 
1ofcth 5 1. 69 parts 1 421. 10 parts; thats, 
ebove « luventh part. Thus you may givcſont 
gucls how many Tuns may weigh a Ship bein 
tlu:k, knowing her weight and lading befor, | 
Once 
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iphty Once again, It you invert theſe Proporti+ 
als, of ons: Then if you have a Solid Body of any of 

theſe Metals, and would make another of the 
' Bid fame form and faſhion, which ſhould be of the 
1m} Game weight ; the Bigneſs or Magnitude there- 
reb7} of will have theſe Proportions. 


7554 Water 10000 | Braſs 1256 

Stone 3641 | Silver 1044 
242ff Tis 1455 , Lead ©938 
230} Iron 1349 | Buickſilcer 0795 

Gold 0568 
73 | 
Prop. 139. 

186 
Wah To ktow bow far any Piece of Ordnance 
bard will ſhoot. 
FW 
164 There is much difference in ſeveral Authors 


of about this ; but all agree in this, firſt, That 
the Bullet is cariicd from the mouth of the 
got Piece more violently, and for a good ſpace in 
wi altraight Linc or Range: and afterward as it 
proceeds fur ther, as the violent force of the 


oe Motion abatcth, {o the Bullet finketh down by 
ip: degrees, till it gr.z<th upon the ground. Now 
" thcle two Motions are conlidered apart, Gr 
i” Elle joined together 3 but they are botn' of 
ti; them lomwhat the longer, according as the 
ne; Viece 13 mounted higher trom the Level to the 
in, Angle of 45 degrees, which is the outmoſt 
+ | Random andit you mount any Piece higher, 


pl H 4 the 
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che Random of the Bullet will be ſhort 
«nd ſhorter : So that it you could ſhoot ey. 
Gly upright, the Bullet would fall downing 
the mouth of the Piece again, 

The right Range of every Picce, bcing di. 
charged in a Levcl, or parallel to the Horizg, 
is ſet Cown in the former Table, in which th 
Cannon exceeds not 185 Paces that is, 5 Frog 
to ezch Pace ; fome reckon much wore ;, by 
then hey count ordinary Steps or Paccs of tw 
Foot 2 3 and Battcrics made with fuch Pic; 
are uſually made at 100 or 120 ſuch Paces, x 
w hich diſtance they do the beli Execution, 

The utmoit Random likewile of any Picce, 
that is, from the Platform to the f(t grazed 
the Bu'let, I find by ſome to be about tentims 
the diſtance of the Right Raoge 3 and ax 
cording]y I have ſo {ct it down in the Table, 

As tor the Ringes to the other Degrees ard 


Poiats of the Quadrant, I tind thelz Tables in 
£oud Authors, 
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If2 Of Gunnery. 
The Uje of the Table of Randoms, 


This Table is rather proportional than real; 
for it cannot be ſuppoſed that all kind of Gun 
ſhould have a lize Random, this Table be 
agreeing to Cannons and Cu!lverings, and the 
greater fort of Ordnance. And therefore tg 
know the Random of any other Gun, you 
may firft make a Shot cr two at a certain De. 
gree of Mounture 3 and meaſuring the diſtang 
thereof, you may by the Rule of Pioportion 
tind the Random of that Gun to any oth: 
Degree, and ſo make a Table thereot. 

Example. Wppoſe a Saker being monntedy 
5 deg. ſoots the Bullet 416 Paces, How far ni 
it ſhot being mounted to 10 deg. 

As 722, the Tabular diftance for 5 dep, 

Monnture, 

Tqa41s Pacers, the diſtance found: 
So the Tabular diſtance for 10 deg. of Mou 

trtre, I 214 
To the diſtance required. Work by the Log 
aud you ſhall find 699 + Paces, 

And vet i: is to be tearcd, this will not de- 
ter:mine the buitnzſs ſo exatly as it ſhould; 


and therefore it were a vary good Workfa | 


fome who have sKill and opportunity, to make 


Tria! by (:veral Pieccs, and to find the Rats | 
doms of them, and make more exaG Tadls | 
for 21! our common ſort of Engliſh — | 


30» 
| | 
JIG | 
ce | 
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I tind that Mr. Nye in his Gunnery. made 
ome Experiments by a Saker to this purpoſe. 
The Saker was 8 Foot long, which he loaded 
with three pound of Powder,cxadly weighing 
the Powder and the Wad every time, ramming 
it down with four equal ſtrokes as near as he 
could every time, but put no Wad upon the 
Bullet, becauſe the Picce was mounted and 
thus he made four Shots, each of them half 
an hour after the other that the Piece might 
cool, and be of «qual temper, and mounted 
his Piece to four (everal Degrees of Mounture, 
ws. 1 deg. 5 deg. 7 deg. 10 deg and found theſe 
Randoms : 

At1 deg. the Randim was 225 Paces. 
4t 5 deg. the Random was 4, 6 Paces. 
4t7 deg.the Random was 555 Paces. 

4t 10 deg. the Random was 630 Pacer. 

According to which, he tramed this Table 
of Randoms. 


Deg. Paces. Deg. Paces. 
© 2059 | 6 461 
þ:- 004 7 a9 
2 274 s 548 
3 323 9 53g 
4 372 3 630 
5 ws | | 


— Captain Hexam in his Book of Gunnery 
bews how by finding out the Random of a 
Cannon for the tilt Degree of Mounture, to 


had: 


4 
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tind the Random for every Degree to 45 de, 
which is the utmoli Random, aftcr this man. 
ner. 

Firſt, find out how many Paces the Cann 
wil! ſhoot bciog laid level by the Metal 'which 
Lc accounts for one Degree of Mounture) di. 
vide this diltance by 50, and then multiply the 
Quotient by 11, and that will bijog out the 
number of the greate(t digrcfſhion or difference 
bcrween Range and Range which being di- 
vided by 44, the Quotient (hews the number 
of Paces which the Bullet will loſe in the other 
Ranges from Degree to Degree, 


Example. 

A Battering Cannon being laid by the Mas 
will ſhoot bis Bullet (laith h2?) 1000 ordinary 
Paces, tro Foot and an balf te each Pace; 
which being divided by 50, your Dnoticut will 
give 20, which being mnltiplied by 11, it will 
give 220 Paces, which 31 the number of the next 
dizreſſion made in the ſecond Degree which 220 
divided by 4.4, the number of the remaining De- 
grees, yields 5. which is the number of Pacer t) 
be diminiſh:d in each following Degree. And 
according to this Rule this Table is framed, 
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Gl __—— : 
Nans 
\ Table of Randoms to 45 Degrees, ac- 
non counting 2 Foot & to the Pace. 
hich 
i —_—— or —— 
the | Paces | diff. Paces | diff. 
a | 004 Im —| | — — | 
:nce 0 | 0775 22) 23 405 , 110 
der 2 | 1220 | 215 25 4909 , 109 
her 3 | 1435 Lode | | 26 15002 | 95] 
4 1 164 | 20F | 27 | 5995 | 90 
5 | 1899 | 293 | 28 | 5155 | Sz] 
612050 | 195 | 29 | 52; | ole, 
eta | 71 2:45 199 | | £30 15339} 75 
ary | [& 0 | 2435 15 = 31 | 5423 70 
2; ||138 9i2620|180| |] 232 15595 | 65 
zll | [£79 | 2820 | 175 | SD 33 | 5560 60 
pill | 1211 12975 |] 179 4>24 | 5920 | J3 
ext | [$12 | 3145 165 | © 35 15675 1 5o 
20 L13 3310 | 16) | <3 ? | 5725 | 45 
Ye | [214 1 3470 1 155 | | 557 15770 | 46 
't | [815 | 3025 |} 150 | The ' $910 35 
nd | | 20 | 3775 145 "30 | 5545 | z3O 
17 | 3920 I 40 | 40 BLIS! ; 25 
| 13 | 4060 | 135 41 { 5900, 20 
19 | 5595 | 139 | 2 | 5520 | 15 
20 i 4325 | 125 43 | 5935 | 10 
a || 21|4450 [129] | 44159451 5 
_22 14570 | 115 | | 4) | 5950 | 
Put 
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But this Table of Alexander Bi2nc 


ſorts of Ordnance, I account o 


\© 
N 
jou 


A Table of Randoms for the firſt ſix Points of 
the Gunners Quadrant. 


| I | 2 3 | 4 | 5 © 
Falconet 375 | 637 | 795 885 092 | 900 
Falcon | 550 935 | 11IC6 | 1254 1309 | 1520 
Minion 459| 765 | 954 | 1026 | 1071 | 1030 
S aker 625 | 1062 | 1325 | 1425 | 1467 | 1500 
Demaiculver. 225 | 1272 | 1537 | 1653 | 1725 | 1740 
Culverin 750 | 1275 | 1590] 1710 | 1785 | 1800 
Demicannon 625 | 1062 | 1325 | 1425 | 1457 | 1500 
Cannon of 7 | 075 | 1147 | 143 1489 | I006 | 1620 
| Double Cannon | 750 | 1275 | 1599 1710 ) 1785 1800 
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Of Shooting in Mortar-pieces. 


S Cannons and other Pieces of Ord- 
{"k nancc are uſed for che moſt part to ſhoot 
forward near a Levclz ſo Mortar-pieces arc 
uſed for the molt part to (ſhoot upward, and at 
Random : and therefore the Random of theſe 
Pieces is very neceſſary to be known. And 
moſt of the Tables that I hind hereof agree in 
their Randoms, though they arc in a ſ[cveral 
drelsz ſothat one wouid think this were fully 
and Certainly known. 

Mr. Norton and Captain Hexam makeuſe of 
Diego Uffano's Tables, the one for the n2 
Points of the Quadrant, the other for every 
Degree, taking the one half of each Number, 
and ſo reducing it into Pacesof 5 Foot. 
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| 
A Tablc of Randoms fox Mortar-pieccs, tg 
every Degree of the Cuadrant, 


Cy 


Oo] 100! 5g 23] 480] & 
I 122| 88 2.< 490] 6 
2] 143] 87 | 25] goo] 6 
3] 164 6 | | 264 4c 6; 
4j 185} 85 | 27 518] 6: 
5 204] 84 | 28] 525] 6 
. 6] 2241 .53 | 29 F531] 6 
Ea gaalEt | | grol5|go 
© o\Sz8c|280 | | E532) S560] E7 
S 9 rg <2 99 ESTELLE S) 
a 297}, 79 = 3*|.8 549 ON 
4 P78 S 4/552} D353 
$12, 83311877 | | $35, 2 55f1} 254 
FE S347 3 | So 70| 8 562] Sz. 
& 141362 R755 $4 ham 1 
R 13:2 377] 74 E 38$|857:|8z] 
1 i re | DIE hs Ni 
4 406 A | 49] 550] 4 
16 419] 977 23 44] $64} # 
| 19] 432] 70, | 421 5a] 4 
| 20} 445] Go! 4:] $83! 46 
21 457] 6391 | 44] 584 
LOSE JO” _ 67 454585 
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Diego Ufſano's Table of Randoms for Mortar- 
pieces, to the 12 Points of the Gunners 


(Quadrant, 


53 570 534 463 377 248 100 
6 2 


SS .2 | Þ 
—_— 1-4 - < > ©) 


7 Si bt 7 is 
583 570 534 568 377 248 © 


Here, according to Mr. Norton's and Cap- 
in Hex.zm's Brals Figures hercot, ("to repre- 
ſknt this the more lively ) 1 ſuppoſe the mortar 
lobe placcd at © 3 the (:veral Randoms are the 
Pricks in the middle Line, rumbred with the 
Poiats of the Q 1adrant, forward and back- 
ward, unto which the ſ:veral Randoms are 
ſet, The firſt Prick ncxt to © ſh:ws how far 
the Bullet ox Granado is ſhot from the Mor- 
tar, bciog levelled Pot Blank, and this 13 
oo Paces, The cond Prick is the Random 
when the Mortar is mounted oac Point, that 
5248 Pacesz and fo the R:ndoms increaſe to 
the tixth Point, which is the urmolt Rindom, 
mi tz 533 Paccs, 

It the Mortar be mounted higher, to the 
1,8, 9, fc. Points, the Rando:ns decrcaſe 
in, as bctoie they did jncriafe, which 
they ſuppoſe to be in ſuch P:opo:tion, that 
he Random of the ſcveuth Point is equal 

co 
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to the Random of the fifth, and the Randoy 
of the cighth to the fourth, and ot the ninth 
to the third 3 and lo for the relt of the Point, 
as in the Table. 

But here is a great miſtake in theſe latter 
Randoms 3 for it you proceed thus, and mike 
the Randoms equal to each other, according 
as they are diſtant from the f1xth Point, which 
is the utmoſt Random, then the Random of 
the tenth Point will be equal to the Random of 
the ſecond Point, and the Random of the ele. 
venth to the Random of the firſt Point ; and 
{o the Random of the twelfth Point will be 
cqual to the Random of the © Point, or the 
Level Random. which is 100 Paces from the 
Mortar, which is contrary to all Art and Rev 
fon. For if the Mortar be mounted to the 
twelfth Point, that is, bolt upright, the Bul. 
Ict or Granado muſt rationally fall down again 
either upon or ncar unto the Mortar, and no! 
100 Paces off, as thy make it by this luppati- 
t10N, 

And though they have (as I ſuppoſe) fcen 
the error hereof, yer they have made a very 
por amends for ic, by making the Random 
of the eleventh Point 248 Paccs, and the Ran- 
dom of the twelfth eo, making the d:fterence 
of this Random as much as two of the other, 
and fo drowning the 100 Paces of rhe Level 
Random, as it they wee nothing cont1den- 
ble, 

The 


— 
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The like error is in the Table of Randoms 
for every Degree, which makes the Random 
of the 89 deg. to be 100 Paces, and yet ſets 
thoſe reverſed Degrees a Line forwarder than 
they ſhould bez for go ſhould be againſt o, 
and ſo the Random of go deg. will be 100 
Paces from the Mortar, which thould be in or 
near the Mortar, as before-laid. 

And this error is ſo much the worſe, be- 
cauſe the Mortars are moſt uſed in Randoms 
above 45, where the chief error lies. 

It were to be wiſhed therefore that this 
were reqified by Experience and Trial made 
of ſeveral Mortars. All that I can do at preſent, 
isto give you Mr, Norton*'s Experiment by a 
little Mortar that ſhot a Bullet of 5 Inches Di- 
amcter, the Chamber whereof at the Mouth 
was two Inches and an half Diameter, and 
three Inches deep 3 the Chace 10 Inches 
deep, which he laded with three ounces of 
Powder, and diſcharging it at ſeveral Moun- 
fures above 45 deg. found theſc Randoms, 


182 Of Gunnery. 
Deg, Tards. Dif. 


45 750 49 
« 5O "5 0 35 
55 = 675 55 
= 60 = 620 45 
=65 =575 95 
& 70 == 480 = - 

75 360 90 

oO 270 


Theſe Differences are very un-:qual, which 
either ſh-ws there is fome fau't in the wii. 
ting or Printing of them, or cle that it is: 
difhculc thing to charge a Picce equally, and 
to mount it tO a certain Degree exiiy, and 
cither of theſe may cauſe as much diffcrence 
as is in moſt of thiſc. But yet 1 (ſuppoſe the 
Experiment in general is more confonant to 
truth than the former Tablc 3 and therefore 
hcreupon 1 (hall frame ar.other Table ot Ran- 
doms, which I hope will bz of goo4 ule, and 
not liable to the former auturdit:, 


hich 
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\ Table of Randoms for Mortar pieces, ac- 
cording to Mr. Norton's Obſervation, 
reckoned in Yards. . 
D. Yards. \diff. | D.!LYards. \4 ﬀ- 
45] 75c] © | 658] 5006] 16] 
46\ 744] 7 | 09] 490] 16) 
41 7371 7 | 72] 474] 1 
48] 730] 7 | Ly To] 
49] 723} 06 | 72] 439] 1+ 
JO 715] 8 | 73] 421] 15S], 
vn .707| 8 7+ £02] 2C 
THEITE 9 | E/5 $782 2C| 
2533) $9291'© 70, £302] 21 
$ 54/58 v9O IO | S77|58 348 21 
C21 p6Adphn | | 1B 3-2) 2: 
591,600 {l S 91,290 23 
v7 649/11 |  $30\ $275] 24 
U58| 2 63H II | £* PE 251 24 
$90 927112 | Pals __ " 
OjFR OI F;12 I'S 202] 3 
"6119" 60. 12 [Sg 8156 2; 
62] 59'ſtr3 | | 4. 149] 28 
631 578414 86) 12101 25 
64] 564]! 4 8: og2] 30 
65] 55015 | | 8 o62] 31 
66] 53615 | 8g] oz1! 31 
67 521) bs 90! O00 | 


According 
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According, to this Table I have drawn a Ge. 
ometrical Demonſtration of thoſe Randony, 
whereby thcſe things may be made more plain 
_ and viſible} which though it differs much 


from other Mens Schemes thereof, yet Idoutt 


not but you witl hnd it much nearer the truth, 
eſpecially for the Ranges above 45, which ar: 
chicfly neceſſary. 

Alſo having made ſome Experiments here- 
of, I find that the Randoms of other Ord: 
nance are very irregular and defective, eſpe 
cially in their Randoms above 45 deg. but 
there being little uſe of thoſe Randoms, 1 
thall let it alone at preſent, till ſome farther 
Obſervations are made thereof. 

This error proceeds from the ſame cauſe zs 
the other, viz. they do not reckon or propor- 
tion the firſt or Level Range among theſe Rar 
'doms above 45 3 and this makes moſt think 
that the utmoti Random is not at 45 degs but 
ſome make itat 42 or 4.3 deg. and ſome at 24: 
bur it is certain, that the utmoſi Random muk 
be at 45 deg. and if the Ranges above 45 are 
truly proportioned, they will be much different 
from the Degrees under 45, elpecially towards 
the 90 Degree, as you lee I have found ittor 
the Mortar-picce. 
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Uſe of this Table will be Explained 
n , Le two Propoſitions. 


Prop, 140. 


oſe upon trial you find that your Mortar- 
"_ | ing wor to 65 deg. did ſend hey 
Granado 700 Yards, and you defire to know 
bow far it will ſend it at 4.5 Degrees of Moun- 
tare, which is the greateſt Random. 


Look in the Table you ſhall find againſt 
65 deg. 530 yards, and againſt 45 deg. 750 
yrds; Work thus by theſe Numbers, ac- 
ording to the Rule of Proportion, 

As 550, to 750: $9700, to 9544. 
3015, 
11550, to 750: ( the Tabular diſtances for 
the ſaid Degrees : ) 
{4 700 the Diſtance found, To 954 ; the Di» 
ſtance required, 


Prop. 141- 

Finding that a Mortar-piece, being mounted 69 
Degrees, ſends a Granado 6 © Tards, what 
Degree of Mounture muſt that Mortar have to 
ſend the Granado 900 Tards ? 


Look in the Table , and again! 6g deg. 
jou ſhall find 490 yards; thereupon yeu 
Wy work thus by the Rule of Proportion. M 
| f 
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Ay 600, to 490: So g9Co, te735, 

Look this Number in the Table, or the 
nearelt you can hind toit, which is 737, and 
this ftands againſt 47 deg. which (hews that 
the Mortar muſt be mounted about 47 dy, 
viz. 57 deg. 5, that ſo it may ſend the Qranady 
900 yards, accordivg to your dclire. 

I have here omitted the Degrees under gy, 
becauſe I (uppole them uiclels, for thu More 
tar-Piccts are pot uſed for Battery, as Cannons, 
to ſhoot againſla Wall, but to carry Grane 
docs and Fire-balls over a Wall : Now 45 dey, 
of Mounture being rheir utmoti Randum, | 
you would have them to carry (horter, it is 
more cor. venient fo mount them higher than 
45 dig. rather than lower 3, for elle they wil 
' Not do thiir intended Execution. and tallſy 
pcrpendiculerly upon an Houſe or Towcr. But 
it you have any occakon, or dcfuie to knon 
the Randoms under 45 deg. you may make ule 
of the former Table o: Vffavo's, v hich I up- 
poſc is much ncarex the truth for the Degrees 
undcr 45, than for the Dcgrces above 45, # 
I have demonſtrated to you bitore. 
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DIAL LING. 
Prop. 142. Dial 1. | 
To make a Dial upon an Equinolial Plane. 


AN EquinoRial Plane is that which lies 
parallel to the EquinoCtial, and 1s an 
Horizontal Plane under the Pole. This is the 
i and plaineſt kind of all Dials, and is made 
j drawing a Circle as large as the Plane will 
ell allow,and dividing it into 24 <qual parts 
r Hours, which you may ſubdivide into Halfs 
nd Quarters, and ſet up a Stile or Wyre di- 
ly upright in the Center. Every Hour is 
I5deg. the half Hour 7 deg. 30 min. 

This Dial may be made to fet to any Lati- 
tude, and of goed uſe to Seamen. 


Prop. 143. Dial 2. 
To make a Dial upon a Polar Plane. 


A Polar Plane is one that lies parallcl co the 
Pole, and is an Horizontal Dial under tac 
EquinoRial, 


| | Th: 


: S-- _ * _ _ - _ > 
SP—_- : - A = 
- pu _ —_ > | > - . > 4 - - pa Po 
m—— —_— cy - 
> - - Þ 1 = - % 4 = = 
" -- - * . _ mY ad 


- VS < 


———— FEE 8" oo. 


-- 
> © 


- 
£1.05 x 


S © DI 


108 Of Dialling. 

The way to make this, is to draw a M.j,,lward 
dian Line crots the midit oft th Plane, anþ T 
crols it at Right Angles with the Line of E,io#e 
and Weft. Thcmaccordivg to the breadth gficc0! 
the Plane you may proportiva your S(jl-]Line 
whole Height mutt be cqus} ro the Hour ofthe 
JII : but you may tind its Hright alſo by any te 
other Hour-line, according to the Hours yo ſt 


woald have it contain, by this Rulc. >! 
As the Taugent of the Hour-line & or 5, muli 
To the Diſtance thereof from the Miaridiia line: (MI 
So the Radius, four 
To the Height of the Stile. yout 

Then tor the other Hour 1:ncs, Iii 
Ar the Radius, (we 
Totbe Height of the Stile : pol! 
So theTaigent of anyoth.r Hnry-line, (ot 


Jo the Diſtance thereof from the Meridian: line. | 41 
Theſc Hour-lints muſt be all drawn parzll{ by 
i0 the Hour of X1l. Jo 
The Stile may be either a (trai; ht Pin or lo 
Needle (ct upright, or a Wyre made tol: 
parallel to the Plane over the Hour ct Xl, 
according to the Height atorclaid, 


Prop. 144 Dial 3, 4. 
To make a Dial upon a Meridian Plane, whid| 


3s an Eaſt or Weſt Dial. o 
A meridian Plane ſtands upright directly ir 


the Meridian, and hath two Faces, one to! 
wats | 


Of Dialling. 189 


M.r.lward the Eaſt, the other toward the Welt. 
an} Tomake Dial on this Plane, firft from the 
* Eziſlower Corner on the North fide of the Plane, 
ith ofacording to the Latitude of the Place draw a 


3 YO! 


me: 


$i} Line which rnay lie parallel to the EquinoQtial 3 


| 
ur 0f 


y any 


then towards the upper Side of the Plane, on 
the South fide, draw another line croſs the 
former at Right Angles, which may point di- 
r&ly to the Polc of the World. This Line 
muſt and for the Hour of VI, and muſt be 
theplace of your Stile or Subſiile 3 and having 
fund a convenient length for the Height of 
your Stile, as in the foregoing Propolition, the 
Diſtance ot the Hour-lines will be found an- 
ſwerable thereunto, and muſt be drawn pa- 
[allelto the Hour of VI, as before they were 
the Hour of X11. 

Ar the Radims, 

To the Height of the Stile : 

So the Tangent of any Hours Diſtance from Six, 
lo the Piſtance thereof from the Subſiile. 


Prop. 145. Dial. 5. 
To make an Horizontal Dial. 
This is one of the moſt common and b. { 


lot of Dials, eſpecially in our oblique Hemit- 
phere, which being well placed in an open 


vun-rifing to Sun. ſet, 


] 2 To 


Face, (hews all the Hows of the Day from 


190 Of Dialling. 

To make it, tuſt draw a Line croſs the 
middle of the Planc for the Mcridian or Hey: 
ot XI! ; then crots this Line a little beyond 
the Center with the Line ot E. and W, which 
15 to be the Hour of VI. The intcr{. ion of 
theſe two Lincs you mult r.ckon for the Cen. 
terof your Dial, and thearcon deſcribe anc: 
ult Circle tor the drawing your Hour-ling 
by, which you muſt pri-portion according to 
the Latitude of the Piace, by this Rule, 

A's the Rading, 

To the Sine of tbe Latitude : 

$2 tbe Tangent of the Howr from Now, 

Ta1tle Tangent of the Hour-lirce from the Me 
ridian- line. 

The Stilc mult be fixcd juſt over the Meri: 
Jian-line, and nakean Angle ficm tac Plane, 
equal co the Height of the Pole, Tie Hours 
before VI inthe Morning, and after VI in the 
Evening, may be ſuppiica by thiir oppolite 
Hours on the o: her {ide the Centr, 

Becauſe theſe kind of Dia's are of fo great 
aſe, I have taken this Table out ot Longoman 
ztanus wherein the Hour-lincs arc calculated 
tor many Laticud.s, 
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—1a Table Thewing the Diſtance ot | oi the| = 
as Hour-lines from the Meridian 1n [>< 
, theſe Degrees of Latitude. me, 
Ml { he Hours from toe Meridian. 2 ty 
Ph Tix: iis. inpvilk. tvſvll. vi vi |S 
" *j\D MjÞ AMD MID MID MID M : Sl 
Ln rm 

zo | 7 3816 6126 34140 54/51 49199 0o| 6c 


31 | 7 51016 34]27 14]41 42[62 28]90 
3218 417 1127 53142 30]63 6190 
13 | 8 17117 27128 34143 17163 45199 
14 | 8 zoſl7 54/29 13144 5164 42190 


15 | 8 43118 20]29 49144 46154 5 i 


16 | 8 56[18 45j30 25]45 25565 2 
37 |9 9119 931 2146 9165 5 
38 | 9 21119 34131 37 46 50166 2 
29 | 9 23119 57132 9147 26166 55 
40 | 9 46120 20|32 40]48 L1i67 2 
41 | 9 58]20 43133 14143 37/67 45 
42 [10 10j21 7133 47149 13, 68 1 
43 [10 22]21 29133 17]49 44 68 3 
44 [10 34121 50133 46 46150 14 '68 5 
45 [10 43122 12135 15]50 45[59 5 
46 [10 54|22 33|35 44|51 16169 37 
47 [11 $5223 33/36 1c|51 43[69 $3 
48 [11 16]:3 12]36 35}52 g[70 10 
49 [11 26|:3 q2\37 152 35170 28 
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1190 of 48 
2190 I 47 
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90 O| 45 
90 o| 44 
99 ©] 43 
90 © 2 
90 of 41 
37 27 53 1[70 43] 90 
37 50153 24j70 58190 
8 13153 46|71 12]90 
:128 36154 $|71 27190 
38 59l54 30[71 41{go 


[2 000001009006 vo 
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A 23125 138]39 18|54 5ol7r 53190 
la 32}25 33139 39155 9172 4190 of 34 
| 0 12 46125 49129 $3155 283172 16190 22 
| 58 |t2 48]26 5145 18|55 46[72 27190 22 
+ | 59 113 56126 19140 36[56 1172 38jg0 of 31 
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Prop. 146. Dial 6; > 
tens: 
To make a Dire South Disl. 10 he 
W!1216 
In 


This Dial mult ſtand upright, having | 
Plane or Face dirc&ly oppofite to the Sou fourti 
The Making thereof is in a manner the ſan: 
with the Horizontal. The Meridian-line mul Fi! 
te drawn perpendicular juſt in the mid( ile f 
the Plane 3 the Center of the Dial near th] 41th 
cop thereof 3 the Height of the Stile muſi $0 the 
an Angle «qual to the Complement of t Tothe 
Pole; and the Hour-lines muſt be drawn « 
cording to its Height above the Plane, whid 
you may Either take out of the former Tabk} 2 
or Calculate them by the Rule of the laſt Pro ſie, 


polition. Arti 
As tbe Radius, $9th 
To the Cofine of the Latitude ; H 


So the Tangent of the Hour from Noon, 
To jo. Tangent of the Four-line from the Min} , 3 
ia. 


Thu 

Prop. 147. Dial 7.5. = 

To make an upright Declining Dial. | 5 
| 


Theſe Dials are to be (ce on the fide of = , 4 
Houſez which though they may be Souther|, but 
yet moli times they decline cither to the Eat Pla 
or Weſt, more or lcls. ' 
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ſn theſe Dials the Mcridian-line is always a 
ſerpendicular, drawn either in the midli of 
Pane (or rather ſor what belide the mi! ) 
inthe top whereof is the Center of the Di, 
wh-re the $.abfile anc [{ovr-Jines all meet. 
In the making, of : -* v6 thiſe 
fourthings necelſary ito v5 0a © 


Firſt, The Argle or Diſtance of the © 1 
file from the Meridiar, Thus, 
At the Radiur,To the Cotangent of the Latitu'!: ; 
$othe Sine of tbe Declination of the Plane, 


 Tothe Tangent of the Subſiiles Diſtance from the 


2, The Height of the Stilc above the Sub- 
ſlile, Thas, 
Ar the Radius, To the Cofine of the Declination : 
$4 the Cofine of the Latitade, To the Sine of the 
H.ight of the Stile above the Subſite. 


3. The Diff-rerce between the Meridian of 
the Plane, and the Meridian of the Place. 
Thus, 

Ar the Sine of the Latitude, To the Radius : 
S1toe Tangent *f the Dec!ination, To the 7 ans 
gent of th? Diffcrence of the Mcridiins. 


4. The Angles of che Hour-lines from the 
dubſtile-linc, which is the Meridian of the 
Plane, Thaz, 

I 4 As 
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As the Radius, Tothe Sine of the Height of | 4 
Stile above Plane : ; 

So the Tangent of the Hour-lize from the My ; . 
4ian of the Plane, To the Tangent of | © ] 
Howr- line from the Snbſiilc. 


For Example hereof, Let us ſuppoſe iff * 

| Dial Fig. 7. declining 45 deg. to the Eu 
ward in the Latitude of Loudon , whihi bich 
about 51 deg. 30 min. were tobe made, | ® 


Differ 
| ; line of 
1. As the Radius 10,0000 1 il 
To - —— the — 9.90061 the Pl 
| So the Sine of the mW N 
of the Plane 45. 913494 Na 

id} 
To the Tangent of 29 d.21 m. T'9,7500g Mer 
which is the Diſtance of the Subſtile from whe mal 
ridzan. you | 
othe 
| 2. As the Radius as 
| To the Coſme of tbe Declinati 0 ...v this 
—_ 9,9494 nf 
$0 the Cofine of the Latitude oy” 

97944 

$1,30 On t 
| nex 

Tote Sine of 26 4. 7 m, 29,6436) ter 
mich is the Height of the Stile above the $| yy 
file. to 


3. 4 
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hy ; 

' fs the Sine of the Latitude 44nd 
4 Ho 30 Compl. Arith. : Meal 
' , 

Tothe Radings (which may hs YO, GOO000 
left ont) C } 

$0 the Tangent of the — ©. aca 
i tion 4.5 &. ; 
l. 


To the Tangent of 51 d. 57 m. 10,106456 
which is the Difference of Meridians that is the 
Difference of Time which is between the Hour- 
line of 12, which is the Meridian of the Place, 
and the Subſtile line, which is the Meridian of 
the Plane or Dial. 


Now laſtly, To find the Diſtance of the 
Hour-lincs from the Subſtile, which is the Me- 
ridian of the Planez we have found that the 


Meridian of the Plane differs from the Meridi- 


an of the Place 51 d. 57 m. according to which 
you muſt make a Table for the Diſtance of the 
other Hour-lines, by adding or ſubtraQing 
15 d, tor every Hour before and after 12 out of 
this Difference of Meridians , which herc is 
514.57 m. until you come to the Subſtile, and 
then you muſt add the Complement of 15 d. 
on the other ſide the Subſtile, for the Hour 
next following, and 15 d. for every Hour af- 
ter: Soyou (hall have the Diftance of all the 
Hours from the Subſtile 3 and then according 
to theſe equal Angles of the Hours, you mutt 

I'5 tind 
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find the ſeveral Arches which may be ©. 
reſpondent thereunto upon the Plane by th 
fourth SeQion, which is common in all; 
als, viz. 


Als the Radiug, 

To the Sine of the Height of the Ste: 

So tbe Tangent of the Angle of the Hour, 

To the Tangent of the Arch of the Homr-liy 
from the Subſtile, 


All theſe things you may colle@ into aT; 
ble after this manner. 


deg. mit, 
The Latitude of the Place 51 4 
The Declination of the Plane 45 « 
The Diſtance of the Subſiile 29 2 
The Height of the Stle 26. 0 
The Difference. of Meridians 51 5 


© ——— ————— -—_ — 


\ 


wn} 
= 


*54n0H 9qT, \ 


mw” wy 7? = 
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The Ealt Dccliner. The Welt Dccliner | 
UT EFMITETWO 
by > SE oy Ss [8 I[J '8 
ad: SIE: ©: ; 

I HI8-I8-- & |S Bſ> T 
= 3 v4 |[#| FI 
am ! — 

h ='4 mid. =.| |6. md. = m 

| 

6d HOTNS ER — — wy  ———_—_—_—_— 
z 083 3174 31] |'O 0,81 '57 92 2; 
4 0169 3147 31} fl 0766 57145 5$ 
5 ol5z3 3130 20| [12 of5t 57]29 21 
6 01359 [19 91 I ©0136 57518 1G 
7 023 3/10 37 2 0/21 57/10 
$013 3] 2 24 | 3 C| 6 575 2 2C 
FSub+ | Sub- | Sttb- Sab- | Sub- | Sub- | 
files | fide. | fre. file. | file. | file. 
9016 5712 26] 1408 3| 3 34 
lo O21 57jIoO 3 Ss 0123 IS 2 
't1 0136 F7j1$ 19 6 ©o[38 3|19 Ol 
[2 olft 57129 21 7 0j53 3/30 2C| 
1 c|66 57145 5%] | $ efs8 3;7 31 
| 2 of$t 57172 27 | 1 9 o's8} 2174 Ti 


Here you may take notice, That having by 
thele Rules found the Diſtances of the Hour- 
lines for an Eaſt Decliner, you may by con- 
verting the Hours tizad the ſaid. Diſtznces 
for a Welk Decliner z as you may ſec Ly com- 


paring 
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paring this Table and the Dial, Numby 1 
together. 

But note here, Though I have (ct down 
Hour of 3 in the Morning for the EaſtDeg, 
ner, and the Hour ct 9 in the Evening { 
the Weſt Declinerz yet theſe Lines muſty 
' be drawn upon the Dials; for the Sun isny 
then above the Horizon in that Latitude, a 
the Lines will fall above the Horizontal-line 
the Plane, cither of which may ſerve to dire 
you what Hours to fet upon your Dial; by 
yet they are of uſe to draw the oppoſite Hour 
of 3 in the Afternoon in the Eaſt Decline 
and 9 in the Morning in the Weſt Decline 
which at ſome times of the Year will be uſch 
upon the (aid Dials. 

Laſt of all, If the Face of your Dial bet 
the Northward, you muſt turn the Dials th 
bottoms upward, and reckon the Hours th 
contrary way ; {o the South Eaſt Decliner wil 
bea North Eatt Decliner, and the South We 
Decliner will be a North Weſt Decliner,leaviny 
out the Hour-lines (which will be needlch] 
betoze the Sun-ſetting, and after the Sut 
rifing. 

There are many other ſorts of Inclining, 
Declining, and Reclining Dials , which | 


omit, bcing not ſo common and neceflary i 


theſe. Alſo for the drawing the Azimuths | 


Almicanters, Signs of the Zodiack, Unequi 


Hours, and the Hours from Sun-1iſc or + 
ot 
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for thefe you muſt conſult larger Treaties, 
which are very well explained and applicd, 
with (everal Schemes and Figures for the un. 
derſtanding thereof, by Mr. Gunter, Mr. IPell;, 
Mr. Foſter and many others. 

As for Infirumental Dials, as Quadrants, 
Rings, Cylinders, which depend upon the 
Suns Height, 1 have added the two following 
Tables of Mr. Gwnters, whereby his Quadrant 
and allſuch Inſtruments may be made for the 
finding of the Hour and Azimuth in the La- 
titude of London 3 whereby alſo you may take 
the Declination of any Wall or Plane, and 
make a Dial upon it. 
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CCC II CC A 


Hours. | Cancer. 
| D. M. 
| I2 - O 
'[I 1 | 59 43 
10 S399 45 
© 3 1 43 - 
K 4 36 41 
'Y 5 ” © 0 
F Re bY 
; 7 9” 32 
"Ro 7 75 ME 7 


— —— 


A Tablc of the Alticude of he San in the beginning, of cach Sign, for all HE) 
| Hours of the Day, tor the Latitude of London, being 51 4d. 30 m. 


| Gemine. | Taurus. | Aries. | Piſces. 

Leo. Virgo, | Libra. Scorpig. 
'D. M.|1P. M1D. m.|D. M.| 

i 325, a. | 38 30:27 I 

56 34|48 12] 36 58|25 4o 

6 19193 3957107 [281 

i Ai2s v1104 if 

ns VIFY 1 = 43 3 

24 $6|18 18 


9 147 oO 0O6 
4 | 


Oo 55, 
by OO | 
' 


Aquar, | Capri- 
Sapit. corn. 
D. M.'D. M. 
18 7 | a. 
oy - S238 00 
2 uS116 © 
337 2 
I " 

[z: 37 

| 12 4C 


— 


SI — 


© JA T: Table of the © Altitude j jn : the © beginning of each Sign,for every tenth Azimuth,for ir Londox. 
4 . [4th | & | TW Ci Vim XxX @e} __W 

"pg. |&. *|D MD. MD. MD, MID. MID. Aj 

South. \ 602 ©158 42|59 o©1| 38 30[27 6! 18 71 15 of 

10161 4;3]|58 24140 38] 38 4|26 30[|17 45] 14 25; 

B&H) & 20100 YTEILYF > | 48 33] 3 40 | 25 O116 CI IR 41 

S |= 30]59 52]55 24 b44 491 34 34|23 27113 151 9 43 

&s |- 40157 20153 29443 55|31 21118 48] 9 14| 5 34 

Q |8 50154 3]50 12140 117 2 6 6 WAIST, " 
_— 49 56145 53435 23|27 $83 3: © | 
© |& 70,44 40 [43 2 [29 27 | 15 þ- a 

» 80|28 11]33} 46[21 29] 7 52. | 

= go1l30 38!2 i I ® 7 9 ” + 8. WY | 

* 100|22 27| 18 4 © 45 | 6 12) 

= wn lits if. # 19 23 2 

| 120] 6 34] 2 30 | | | 18 : 
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TABS LE 


Artificial Sines 


AND 


TANGENTS 


To every 


DeG@rEs and MinuTE 
OF THE 


QUADRANT: | 


The Common Radius being 10, 000000. 


———_— 
mm _—_— 
cm ——_—_ _—_—_——— 
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* - mm ee ee er Rn OCR 


LONDON: Fj, 
Printed in the Year MDC LXXX II. { 


— — —_— A = - 


| 


a - 5 om oo oo wuos - —  -- —— A 


Degree O 


Mj Siac | Co-ftne | | Tangent] 


——CC 
o[0,050000] 15,000009| |o. 290000| Infinita, |6, 


Co-tany, | | 


116.4637 26] 9.999999] ;* 463726) L'5. 3-$36274j 
216.7647 56 9:999999/ 6.7545 5% $2441 
316.942847| 9.999999; [5.9403 47 152.0991000 
4|7-065786| 9.999999] [7-065786|12,934114{; 
5[7.162696| 9.999999: [7-162696|12,837304)5; 
6|/7.241877| 9:999999| [7-241878| 12,758 122]; 
717-308824| 9-999999| |7-398825112,691175|5 
8$17.365816| 9.999999] [7.356317|12,633 182]; 
917-417968| 9.999999] [7-417 979] 12.582030ſf1 
1917.463726| 9.999998] 17.463727]12.536273|56 
22 7.505118] 9.999998] |7.505120[12, 4294885) n 
1217,542906| 9:999997| |7+542909][12-4570g1|4 
1317.57 7668] 9.999997| [7*577272[12.422328)q5 
14/7-629853] 9.999996 7:6098 57[12-390143|6 
1517.639816] 9.999996| [7.639826]12.360180|4; 
76 7.667844] 9.999995| |7.667849| 12433215144 
[17[7.694173| 9:999995| [7.694179] 12.305821/g 
1817718977] 9.999994| [7-719003[12.23199714 
34 76742477] 9999993] 17.742484|12,257516|41 
2017-7647 541 9.999993] 17.764761]12.23523914 
2117 74795942 9-9 99992| 2.785951]1 12.214049 39 
22|7.806: 46| 9.999991| [7.5806145[12.193845|;8 
23]7e825451] 9-9999929| [7.82 5460]r2,17454cj7 
£417-$43034j 9:999959] 17-943944[12-15605t|36 
2517.8612| 9 999989; [7.8561674|12.1383261;5 
->f {a 878695 G, 0.099985, | 7 878708} 1 2.1212, J2 34 
2717895085! 9. o95gh7 7 Fe 2,104901/3} 
28, 17s _ 9 9.992936] [7.91089z 12,9391 106132) | 
.29]7.926119] 9.999985 1.92613 L 2.0 7 3866(z1 
zol7 945842) 94999963 1408 5 12,05914213 | 
| | Cofine | Sine | | Co-1 tang. Tngent | M. 


—_ _ — —— 


| Legree £77 


— _——— CC _ 


[ 
— — — _ 


Z 


ES CCR 


_— A 


Degree ©. 


Mi Sine | Co-ſtne | | Tangent] Co-tang. | 


1 


0[7-940842'9.999983| [7.9408 58[12,059142130 


11/7,955082|9-99998 2 
1|7,96887019.99998 1 
1.982233|9.999980 
1.995198[9.999978 
8.007737|9-999978 


7.955100] 12.044900 
7,968889|12,931111 
7.982253} 120917747 
7.995215|12,004781 
$.00781c|11.992191 


$.020021'9.999976 
8.031919 9.99997 5 
$,0436019.999973 
8.054781 3.999972 
$,2965776 9-99997 I] 


$.020044|11-979956 
$.031945|11.968055 
$.043527|11.956473 
$.054309[11.945181 
3 065806111.9234194 


29 
28 


27 
26 


25 
24 


" [8.076531] 11.923469 


41]8,076500[9.999959 

1218.086965|9.999953| [|3.086997]11.913003 18 
4418.09718319.999966] [8.097217 11.902783|17 
(418.107167[9.999964| |3.,107203]11.892797 16 
4518116926 9.999953] [8.116963111.883037115 
a618.12647 119.999961] |8,126510 11,873490] 14 
4118-1358 10]9.999959| [8135851 11.864149]13 
4318.144953|[9-9999538| [3.144996] 11.355004[12 
49/8.1535907 [9.999956] 3.153952 11,846048]11 
$0l8,16268119.999954] 13.162737111.837273110 
$118.1912$019.999952] ;($.171328 11,328672] 9 
:\8,179713|9.999950| |3.179763|11.820237] 8 
(318.187995|9.999945 3,138036|11.311964| 7 
54]8.196102[9.999946] [8.195156 11.803344] 6 
$5/8.20407019.999944 | [8.204126 11,7956741 5 
$6]8,211895|[9.999942] |$.211953]11.785047| 4 
$7]8.219581]9.999940} j3.219641[11.750359] 3 
58 $.22713- 3-999935 8.227195 11,97280F 2 
$9]8.23455713-999936| [8,234521111.765379] 1 
6o18.24185519.999934| [8.241921[11.7 58079] © 
|_| Co-fine | Sine | |Co rang | Tangent |M 


— 


Dcgrce 59. 


- 


——_—ccC 


—_— — 


_— 


Dcgrez bs 


o018.241855! 


9:999934| 


M| Sine | Co-fire | | Tavgent| Co-tauy, 
6 18.241 J21|11,7 5897 


249102|11,7508 

113.249033[9-999932 Hh 1 —_ 
OE 263115|11.73688 
Rn 099997 '$.269956 11.7 30044 
$8:27865. manga, 8.276691 1.723309 
OE nn | 83323]11,716677' 
| 0s _—_ wy I11:716144 
713-23977319-99991 ds —_ 
818.296207|9.999915 CE "—_ 
918.302 546|9.999913 gt Rs 
1018.308794|9-999910 — nt 9g 
11(8.314954[9-999907 HESTEE mw 
I:|3.321027[9-999905 Mk 2 
1318,327016 9-999903 op eyes ny 
14|$.332924|9-9990 95 Hp 
r518.33875319.999997 Lan eee 
1618,344504 9999294] 4d by 
1713.350180[9.999 97 oy — 
—_—_— RN 3.361436 11,638570 
Ne 1999, 3.366395 11633105 
2018.36677719.99983 2! «36 


2118.372171]9.999579 
22 $.377499(9-999876 
23]3.387762 9:99957 3, 
2418.38796219.999370 
2518.39310119.999867 


'18.272:92|11.627708 
8.397622 11,622378 
(8,382839|11,617111 
'8.383092[11,611906 
'$.393234\11,606766 


z018,417919 


— 


2613.398179' 


9.999564 
9.999861 
9.999858 
9.99985 4 
9.999951 


— cs 


3.393315 
$,403339 
8.408 204 
8.413213 


11,601685] 
11,595662 
11,591696 


$,418063 


11,586787 
[22.502908 


| | Co-ſme | Sine | |Cs rang. | Tangent] 


AS, AS WAS YA AS 9s 


Degrec 58. 


Degree 1. 
"Sine | Co-fine | \ Tangent] Co-tang. | 
| 41791919.9998 51] [8.418068| 11.58 1932[30 
,422717|9.9995 48 pane - 11,577131126 
2746219499934 4 8.427618|11.5723$2|28 
22156]9.999841] 3.43:315]11,567685|27 
436800|9.999838| [8.436962[11,563035|26 
L44139419.999834] [3.441 55ol11.55843c[25 
£445941]9-999531 | 446110 
$50440[9.999827| 18450513 
454893]9-999524} [9.455070 
459301[9.999820| |3.459431[11.549519]21 
(8.463665[9-9998 16 3349111-536151)20 


$.467585) 9.999812] 2111,531828[19 
$.47226319-999809} |5.472454|11,527 54618 
476493|9.999805] [3.476693111.523307|17 
Þ43o6g) 9.999801] [$.480892: ——_— 


11.553990 24 
11.549387|23 
11,544930|22 


9.484548 [9-999797| 13.45 $050[11,51495-[15 
$,48896319-999794] |3.485170|11.510830|14 
118493040 9.9997 9 [8. 4383250]:1.596750|13 

[8.497078 9-999766 apes [1:592707|I2 
y15.50108: 9.99978 3,591298]11.49870211 
213:505045 7.999778] | 3.505267111.4947 3310 
l]8.503974|9.999774| j8.509300|11.492800| g 
$%512867 {9.999769 $.513098/11,49%6092 - 
$.516736]9.999765} j2.<16g51|11.483039] 7 

$43.520551 9.999751 $,520790 II.479210 6 

$8.5:4343[9.999756] |8.524586]11.475414| 5 

(8.525102]9, 999753 8 $28 34911947 wn 4 

$118.531823]9.5997 48 $,53z208ci11,4$7620|] 3 

918535523]9.999744] [8.535779|11.464221] 2/ 
06919.53 9186 9.9997 40 $,539447|11-460553] 1 
18.54: V :« 0$12.99973 8, $43084|11. ac6o36 (#) 


| | Co-fine || Sine | |{Co-tang | Vavgent |M 


—_ D«cgrcc 88, 
B 3 


| 


E 


— 


| —— 


Degree 32» 


— — —— ———  — — 


M'. Sine | Co-fime ; |Tangent| Co-zang, | | 
 018.54281919.999735] 18.543084[11.456g16(6 
1]8.54642219 999731] |8.546691[11.45330g|; 
213.54999519. 9997 26 6,550268|11,4497 321i 
313.553558[9.99972 8.553317111,44618315, 
413557954 9.999717 0.557 3301114442664); 
518.56054019-9997 13 38,560827111, 43917215 
618.563999|9-999703| |8.564291|11.43 570g], 

| 7]8-56743119.999703] |5.567727|11.4322720j; 
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1-64827419.999570 
$.651102|9.999564 
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413.67340519.999 506 $,.673399[11.321100[16 
$13.68104? 9999499 $,681544[11-318456|[15 
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$118,695 543/96 9-999462] |3.597081|11.302919 5 
(5:]$.699573/ 9.999456 8.699617 11,30038z 8| 
$38.70158919-999450| [8.702139|11,297861] 7 
4].704090[9.999443] [%704545|11.295354] 6 
58,706576; 9.999437] |3.797130|r1.292860| 5 
11$18,709949{9.9994 3 1 $.709618| 1.290381] 4 
713.71150719.999424| [8.712083[11,287517] 3 
$8.712952|9.999418| [8.714534|11,285466| 2 
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118.72120419.999398 LI-278 194] 
218-723595|9-999391] Þ5.724254|119275796|58 
318-72597 2194999384 $,726538[11.273412|51|þ 
41$-72833619.999378] j$.7230959{11-271041 
513.7 3<68319.999371] I3.731317[11.268683 
613.733027!9.999364| [$.733663111,266337 
7Þ3.735354|9-999357] [$73 5996|11,264004]53 
813.7376671|9.999350| [8.738317|11,261683[52 
918.739969[9.999343! [$.740626|11,259374[51 
1c[3.74225919.9993 36 8,7 42922 11.257075 
1115.744536|9-999329| |$.7452071(11.254793]49 
121974 801[9.999322] [8.747479|11.25252114! 
13]8.745955|9 999315] [8$.749740[11.250240|47 
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16137557 47|9.99929 $.,756453[11.243542]44 
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bs f (9518.83 4456 9998984] |8. 8.83547 1111-164529 5| 
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Z| 68.843585 0998941 8 6544644 II, 155356| Oo 
M | |_|Coſine| Sine | | Co-tange| Tangent (Mi 
wn all. 20D bands | 
F | { Degree $6, | 
F Ps — ett NE UE 
KR 


——_—— 


Degree 3 


1 Sine | Co-ſine | 


| Tangent! Cy-tang. | 


[8.78567 5/9.999189| 


[3 78648611, 11.213514:30 


| oo Dc gree 4. 
MW Sine | Co-ſme | | Fangent| Co-tang, | | x 
018.343 584|9-998941| 8.844644|11, 15 53508. 
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1 18.955894|9.998220| 13.957674| 11.042 326 411 
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26] (16.99579819-9 17860 3.997 99d 11.992092 Ic 
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vel [4619.20456; 9-997771| [2.206792110.993208{1: 
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o19-919235\ 9.997614] [9.921620] 10.97838|{{\01g.0 
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2[9.021632|9.957585] [9.024044|10,97 5956 f:\g.0 
3 |9.-92282.519.997574; [9-225251110.97 47495|;3\9.0 
49.9: at 997 564| 9-026455110.9735 ;5||;419.0 
$19-22520319-9975481: J9-027655110.972345;5{|;519.0 
$19.92638619.997534] [9.028852] 10.97 1148 {8)ge 
719-027 56719-9975:0| [9-030 :46110.969954|54]119.c 
t19.92874419-997 507] [9.031237] 10.9687 53] {|;8[g.c 
919.02991819.997493] [7.232425] 10.967 575|14|;9/ 9.6 
bY 9.93 108919.997489l 19.53 3509|12.9663911|yol9.t 
11]9.232257]9.997466| [9.034791| 10.955 209 |ilg- 
t219.93342119-997452] [9.935969] 10-954031)|plg. 
1319-0934 58219.997439 9.035144110.9528 58414319. 
L419-935741194997425] [9-038316110.961634|4|44]9- 
1 519.926896|9.997411] 19-93948 5]19.95051514] [45]9- 
1619.03894819.997397] |9-04065 [10959349] i819. 
l713-039197 [9-9973Þ3] [9.041813[15,958107]|gf laj]y, 
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2719.959519]9.99724:| [9.043277 10. 946733] ST 
2519.951635|[9,997 228 TIO 10.945592/3! 5b 
2919.05274$|9+997214 10. 94446531 '9| 
20 9.05385919-997199 [9.555645 10.94334% | vol 
| Co-fine | Sine | \Co-tang.|Tangent | LINE 
Degree _ _ % 


Degree 6. 


Wl Sine | Co-ſine | |Tangcnt| Co-tang, | © 


;0[9.053859 9.997199] | 9.956640[10.943340|30 


1119.054966|9-997 185 [9057701 10.9422101209 
1219.056071|3.997 170] (9.058900[10.941100|[28 
1319.057172[9.997 156] |9.960016[10.939984|27 
1419-05827 119.997 141| [9.061130[10.938870[26 
1519-059367]« 19-997 127] 19-092 9.062240 10.937760[25 
15[9.060460 9 9.997112] [9. | [9.063348 10.936652]24 
1119.961551 9.997098] [9.964453[10.935547[23 
;619.062638 9,997083] [9.065556[10.934444|22 
1919.963723 9.997068| [9.966655[10.933345|21 
49[9.064806 9.997053] [92677 5$2110.932248|20 
41/9.06598 5 9.997039] |9.068847|10.931153|19 

9.066962|9.99702 4 9.069933} 190.,930062[18 
431906303619 997009] [9.971027] 10.9238973|17 
4419-06910719-996994] [9.072113] 10.927887|16 
45]19-070176] 9.996979 9.072197 10.926803 15 
46[9.071242[9.996964] 19-97 4278| 10.,925722|14 
(119072396[9-996949] [|9.975356[10.924644|13 
$519.073 366|9-996934] [9.076432[10.923568|12 
1919-07442419-996919] [|9.977505[10 922495|11 
ſ019.07 5480| 9.996904 9,078 576 19.921424[19 
$1]9.07653319.996889| [9.279644, 10-9203 56| g 
1219-077583[9.996874 9.0307 109|i909.919290] 8 
(3119-07963 1}9.996858] [9.081773|10.918227] 7 
$4,907 9676 9.9968 43 9.982833|10.917167] 6 
nnd 9s +9968 28 9.983891 10-916109| 5 
(619.0817 59]9.996812| [9.084947] 10.915053] 4 
1119-093 2797[9.996797| [9.085999] 10.914100| 3 
$$19.083832[9.99678:| [9.987050[ 10.91295c| 2 
1919.034864]9.996766] [9.988098] r0.911902| 1 
Sol9.08589419.9967 51 9s 099144 1. gio856 (9) 


On 


_| Co-fine | Sine | |Co-tang. | Tangent |M 
Degree 53. 


. 
| Degree 7. pr 
M| - Sine | Co-fire | | Tangent] Co tang. 1M 
o|5.035994'9.996751| _ 19.08: 089144 10.9108560holg 3019 
1/9.086922|19.996735; |9. 090187 LO, 99981315, z11g 
219.087947[9-996720] [9.091223] 10.908771|F3219 
319.038970|9.996754 9.092 2601 10.9977 3M 319 
4|9.089990[9-996688| 19.093302110. 306598) |;419 
$12.29 103819.996673! 19.094335110.905664| 3519 
619.092024|9.995657] [9.095367] 10. -99463z 369 
7|9-093037[9-996541| $19.996395| 10.993604/59 [37,9 
$19.094047[9.995625] [9.597422] 10-902 2578 6 bl 
9]9.095056[9.995610] [9.993446] 10-9015 54/5 13919 
191 9.996062[9-996594 9.299468[|10.990531 54 14019 
- - IRC D PIE” 
1119, 09706519. 4996575] [9-100487110.59951z 
12]9.0938066|9.996552 9.101504[10.593496 
1319.999065[9.996 546 G,102519|1c.397481]y 
14|9.l00062!9.996530| [9.103532|10.396468 
15]9.10105619,996514 9.194542 l0.59545k]j 
116]9.192048' 9.996498 [9.105550] 10.5 9445c 
17]9.103037 9.996432! [9.106556|19.897414 
15]9.104025 9.996465, 9,197 559[10.8 92441 
19|9.105910 9.996449, 9.108560]10.891440] 
[2019,101992 9.996433" 9-129559]10.59944116 
2119, 2.106973 3.996417) 9.119556|10,85 9444] ſl, 
22 9.107951! 9.996490! 9.111551 10.888449 q! j2 
'2219.10892719.996384 9.112542| 108874577} [3 
24 9.109901 9.996368 J).11 3533] 19.8354571} 4 
j2519.11587319.996351] 19.114522 10.88 5478/3} (15 
26] « " 111842" 9. 996335 9,115507110.38 449334 56 
2719.112809, 9. 396318 9.116491]1c.38352913;0 (7 
28 9-113774g. 990302 0.117472|10.882 528|;:} | 
2919.114737:9.995285j [9.118452[10,881548]:1] 59 
;olg. 115598|9 iag6:bsl 9.119429 10.380571|; bo 


| Co- ſine | | Sans | (Contang. | Tangent "1 7 
| # D:grcc $2. 


- PC 


| 


Degree 7. 


M! Sine | Co-fine | 


Taorgent! Co-tang. | 


z0[g.11 569819.996269| 


:9,119429 19.88%0571 39' 


31/9.116656[g. 996252] [9.120424 10.3795965'29' 
12[9.117612[9-996235} |9.121377 10-378623|25, 
1/;2]9.118567|9 996218] [3.122348 10.877552[27 
ja9-119579 94996292 3.123317 10,.876683[26 
(3519120465 69/9.996185] 19.124284 10, 875716 25 
36/9.121437 9.996168 9.125248|10., S747 51124 
17/9.122362[9.99615 1 9.-126211]10.d73789j23 
1819,12330619.996134| [9+127172110.872828|22 
1919,124248[9.996117 3-128139}i0,87 1870[21 
4019.125187]9.995100] [9.1295$7116.872913129 
qi[9.126125 9.9960R 2 9.130041|[10,859959]19; 
4219,127060[9.995066] [9.130994|10,8 59006 13| 
9.12799319.99604g] [|9:131944|10.868956|17 
44/9128925]9.99603 2 2.132$93[10.35710716 
4519-1298 54]9.99501 5 9.133339] io, $69161 15 
4619.13073119.995998] [9.134754 10, 865216|14 
113.131706|9-9959%0| [9.135726|10.864274|13| 
4#[90132630[9.995963] [9-136666|10.863334|12/ 
4919-13355119-995946| [9.137605 to.862295 it 
j0 9134470:19.99592 28 9.133542 10.861458 !0 
(1/9.135337]9.995911] [9.139476|10,$60524| 9. 
$:9.136303[9.995394] [9.149409|l0.859591] 8; 
$319.13721619.995876] [9.141340[10.858669| 7 
ſ419.133$12719.9953859| [9.142269|10.85773i] 6 
$519-13903719-99 5341 9.143196|10,8568041 5 
(6g 994419-995825| |9.144121|10.355879| 4 
$7,9.140850[9.995806| 1|9.145044|10.8 54956] 3 
$8 9.141754[9.995788 $:145965119.554035] 2 
$919.14265519.995770 9.145835 to.853115] 1 
col. 14255519.995753 9-1478c3[10.852197] © 
| | Co _| Co fine | Sine | Co-ramg. Tavgent (M 
| Degree BZ. 


I 


——— 


Ws D:gice 
M, Sine | Co-ſine | \ Tangent] Co-tang. | Pl_ Ml 
_o1914355519. 995753] 19.147503 T10-8521ggode: 
119.14445319.995735 Pare 10.8 51282)e"[9-" 
219.14534919.995717 9.149632] 19,8 50368|;219%* 
319-146242|9.995609] 1[9.159544|10. $4046 eÞ3[9-1 
419. 14713619,995681 9.151454]10.948546|;$4 oy 
$ 9.149026 2995664 9,15236; 19.B47637]6 89s 
C19. 148915! 9:995646 9.153269] 10. 8457315 2619. 
719-149801\9.99562%| 2.154174|10.845825/;51119 
8 9,150686 9.99561: 3 Js 155077 10.58 4492 31; Js Js 
919.15156s 0.995955931 9 155978110.84403:1 5 $919 
lof9,15245!1 f 1949953734 19. 156377] 10.843 123)819 aol 9s 
1119.153330|g-955555| |9 197775 10.$42225]; mM 
I219-154208[9.995527 9 153671]10.8413 2914 £49 
1319-15508219.9955I5 9.159565|10.840425|, B19 
1419.15595719.995501 9.165457115.839543| if 7 
1519. 156830!9. 99540 2 [9.161247 10. 82865714 4515 
16 15770019, 995404 9.162 2236|10, 37764 q 41: 
17:19 e15856,{0 9695446 [9.15312341048 36859] #715 
1319.159436|9-995427] [9.164008| 10.835 :9|uf | 
1914.160301|9.995429 [9-164%92}10,83 5108/uÞ 9 
[2019-161164[9.995390! [9.16577 241c,8342:6\p] |! 
21[9.162025;9.995372| [9.166654] 10,53 3346p] |! 
[22 9.162885|9.995352 9.i6753:119.832468 R ſ2 
2319.163743[9:995334| [9.163405|10.83 159457 |3 
= 9-164600[9.995316] [9.169:84|10,8307 16]3i} |'4 
9.165454 9.995297 1 9, 160157} 1c. 52 29843135 ſ5 
b 26 9.166307[9.995278, [9.171029 10.3 28971134 ſo 
2719167150] 2.995260] 19.17 1899, 15.8210} F7 
28{9.158008[9,995 241 9,172757|10.827233Þ32 5 
2909-1688 5 —_— 9. 173634 10+8 26360];1 k 
3019-159792]9.9 3520} 9.17: 174499/10 825504130 , 
| | Co-ſfine | Sire |Co-tang | | Tavg; ot|h Ny 
MW Dcegrec v1. 


——C —— 


© - CS lots 
1s TÞl_Sine © | Co-fine | 1. 
— Koen 


Degree 8. 
[ a: "geut| Co-tang. Vt 
17449911082 5Sor 2 


1 29 2h: 


A GW wg © 


ron eþelo-16970519:995203- 12: 

$21119.17954* [9995154] {9.t7535210,532463d}|2 
681; 32 9.171355. 9.995165 Gel 702204 0523776 2 
561831917 $2301 9-99 5140 4 177984 (0.922916 2 
46); $419-17 3979194995157] | 9.17794: [10.5 22057|2 
2 35[2173908[9.995105 9.178799]10.821:01]2 
31/6 3019-1747 44 9.995009 3179055 49.5 :0345|24 
Li. 6119-475578 [9.995079] [9.159508[10.819492]23 
>| -$1819.17641119-995061 J-181360|10-d 1064022 
» > \e 039194177242 [9-99 5032 Y132211; 10.5 177Sg|21 
, 9.17807219.995012] 19.18 3060[1c.816949 20 
#19175 990 9994993] 9.183907|10.d 1609319 
ol 449-1797 26 4.994974, 3.1547 52]19-815245118 
«| (8[8.180551]9 994955} [2.135597] rc.614403[17 
al gh 4419-18137 4 9.944935] 9.186439j10.813553[16 
2140 4549-182 196[9.994916| !9-187200[10,81272c|15 
"yy 419.183016|9.9943 95} 15.183120|1c.811880|14 
W 4719.133834[9.994376] |9.:83957|10.811042[13 
2\of [#19-184651]9.994857} [9.139794}10.0lozot|i2 
$4 9.185466 9.99 z338 9.192629) 10, 50937 | A 
|] $c19-1386280[9.99 48 16 9.1914652{I0.8955338]10 
13; þ $119-137092 [9.994798] [9.192294 l0-507706| 9 
[if 19219.187903[9.994779| [9+193124|10.806376] 8 
If [319-1887 12[9.994759] [9+193953/10.806047| 7 
ith $419.139519[9-994739] [9:194780|10.805220] 6 
'35þ 11519-19032 519.9947 19 9 195606}ji0.804394] 5 
1d $9/9-191130 9+994699 ps 10,.803569| 4 
. ſ719.19193319.994680] |9.197253[10.802747| 3 
»f 1919.192734[9-994660 9,198674[10.801926] 2 
;11 919-193534[9-994640] [19.195394[10.301106| 1 
zol{ [019.194332[9.994620 19.1997 12110, 800287] © 
Y Sine | |Co-tang. | Tangent |M 


| Lo ſine | 


Degree S1, 


—_ 


, D'OO_—_—_— ———_— 


Degree 9 


M| Sine | Co-ftne | | Cangent|Co- tang. | | | 


0'9.194332|9.9945:0| 


119.195129|9.994600 
2[9-195925[9.994550 
313-1967 15[9.994560 
419-197 51119.994549 
519.1983021]3.994519! 


[9419971 2|.10, Foorby 


1.200529 
9.291345 
9.202159 
9+202971 
9.203782 


10.7 97029] 5 
19.7962 18]5; 


619.19909119.994499] 


719.19987919.994479$ 
$19.20066619.994459 
919 201451|9.994438 
10[9,202234194994415 


1119.203017]9-994398 
1:19.29379719-994377 
1 319-2045771[9 994357 
1419.205354|[94994330 
1519-206121 9.994316 


9.207817110.79218; 


9.204592{10+795408 
9.205400|10-794600 
9.206207110.7937 93 
9.207013|10.792957 


IN 


— - - 


9.208619|1c,791381 
9.209420|10.790580 
9.210220|10.789785 
9,211018|10.78898: 
9 211015] 10.788185 


16 9.206996 9.994195 
1719.20767919.994174 
1819.208452[9.994154 
1919.20922219-9941 33 
2019.209992\9.,994112 
21] 
Z1 


9-210760|9.994191 


23 
24 
25 


9211526 
9.212291 
9.213055 
9.213618 


9.994171 
9.994150 
9.994129 


9.994108 


9.216568 10.78 3432 


10.78738s5 
10.786595 
1C-78580: 
10.78 5011 


9. 212611] 
9.213405 
9.214198 
9.214989 
9.215780 


10784220! 


9.217356110.782644 
9.218142|10.781858 
9.218926]10,781070 
9-219710110.780294 


26194214579] 9-994087 
2719+21533819.9949566 
2819.216097]9.9949244 
25619-216854|9.994024 
3019.2I760919.994003 


| 


9.220491] 10779508 
9.221272 10.978728 
9-222052|10,777948 
9.222830|10.777170 


9.223607110,776393130 


_ | Co-ſine | Sine | |Co-tang. g. | Tangent Tl 


Degree 80, 


Degree 9 


| Sine Co-ſtne | | Fangent! Co-tang. | 


9-21760919.994002| [9223607 |I0.716393|30 


0 
159 119.218363|9.993992 9.224392 10.775618 2.9 
| $iþp[g-219116[9.993960| [9-225156[10.774844 23 
(1 [9.219868 9.993939 9.225929110.77407 1/27} 
Is 49:220618]9.993918 9.226704110.773300[26 
r$519-221367[9-9938 971 1[9-227471110.772529].25þ 
Ty 619.222115[9.993875 9.228240|10.771760|24 
nþ119.222061]9.993854] [9.229007|10.770993|23 
(:$319.223606 9.993332 9.229774\10.770226|[22 
1$919-224349|9-993811] [9.230539|10.769461]2 1 
rho[9-22509219.993789] 9.231302: 10.768698]20 
yh4119-225833 9.993768| 19.232065]10.767935|19 
$[19-226573 9.993746] [9.232826 10.767174]16 
o04319-227311 9.993725] [9-233 586[l0.766414|17 
4#[4419-223048 9.993703] [9-234345]10.765655]16 
«04519.228784 9.993681 9.235103(10.764897]i5 
4619-2395 18]9.993660| [9.23 5859|10.764141|14 
4g 04119-230252 9.993638] [9.236614|[10.763386|13 
«[1419.23098419.993616] [9.237368[10.762632|12 
04919-231715|[9.993594] [9.-2381201[10.761880|11 
eþ11919-23244419.993572] [9-238872[16.761128[10 
10($119-233172 9.9935 5of 9-239622|10.760378] 9 
{p/$219-233399]9.993528] [9.240371[10.759629] 8 
10319-23462 519.993 596] [9.241118[10.758882| 7] 
011419235349] 9-993484| [9-241865|10.758135] 6 
[11923607 3 0.993462 9.242610{10.757390] 5 
| Tr 9.236795] 9-993440] [9-243354|10.756646| 4 
(1719-237 5$15]19.993418] [9.244097 10.753903| 3 
| 919-238835]9.993396] [9-244839/10.755161| 2 

919-238952[9-9933740 [9-245579110.754421} 1 

$919.23967019.993351] [9.2463 19{10.753631} © 


\Co-fine | Sine | | Co-tange-(Tangent |M 


x» ——w_ 


Depice $0, 


V——— CD P—— —  — — 


[ 


_— — 


ES a © as T7 


I 4 Ld Sand 


- 


A 2-3 


LS 


_———_— 


Degre? 10. 


— 


Mj Sine | Ce-ſme | |Tangent| GanT\T, 


o 9.239670'9.993351| [9-246319110.753681]6 


11119.24747819.993104 


1219.248181][9.993011 
1 3]9.248883[9.993059 
1419-249583[9.993036 


1519.250282[9.993013 


116 9.250980]9.992990 
"7 9-25167719.992967 


9.254374|10.745626 
9.255200[10.744900 
9.255824[10,744176 
9.256547110.743453 
9.2 57265110.742731 


—— 
1|9.240386|9.993329] [94247057 |10+7 529431 59Þ1c.26 
2|9-241101[9.993307| [9-247794|1097 52206|0.1:.6 
319.241814|9.993284 9.243530|10.7 514705 9.26 
419.242526|9.993262 9-249264|L0.750736 , 

£ 9.24323719-99324©| [9-249998|10.7 50002 
619.243947|9-993117] {9-250730 10.74927015{ 119.26 

| 719-24465619.993195] [9-251461]10,748539/g] 
$19.245363]9-993172] [9-252191]10.747899]5 019.26 
909.2460701[9.993149 9.252920|[10,747080|51 1919.2. 

1019-24677 519.9931271 [9:2 536481 10:746352|ilelpat 


9.25799c|10.742010 
9.2<8710|10.741290 


| | Co-ſone | Sine | ICo- tang. | [angent |M I 


1819.252373|9-992944| [9259429] 10-74057 141 \lg. 
1919.253067[9.992921| [9.260146|10.7398 54141] ylo.. 
2019.25376119.992898] [9.260863] 10.739137]4 fjwg.z 
2119.254453|[9-992875| [9.261578) 10.7 38422139 1lg.; 
22[9.255144|9.992852 9.26229210.737708 30 I'rls.: 
2319.255834([9.992329] [9.263005 10.7 36995131] [1l,.2 
24[9.25652.3]9.992806] [9.2637 17]10.736283]30 | is. 
2519-25721119.99278} 264428 10.73557213\ i$10.1 
26|9.25789819.992759| [9.265138 10.7 34862136 &'g.: 
27 9-258583[9.992736 9.265847110.734153. 3] ['1'g.: 
2819.259263[9.993713] [9.266555] 10.733445/3} "yg. 
2919.25995119.9926g0] [9.267261|10.732739/31] | ylg, 
30[9.260633[9.992666] [9.267967 1047323033130 |, 


| 


| 


Degree 79, 


| 
mm 


— 


Degree 10. 


| Sine | Co-ftne | | 


Tangen.| Co-tang. | 


—_— 


9.26063 3|9.992666] [9.267967] 10.732033|30 
M 1(9.261314|9-992643 9.268671(10.731329 29 
6 f 16.261994|9-992$19] [9.269375|10.730625128 
017;4119.26267 3)9.992 596 9.270778[10.729923|27 
518þ49.263351[9.992572| [9.271479|10.729221[26 
2159 (9.264027 9.992549] [9-271479 0.728521 25 
do 9.264703|9.992525] |9.27217$|10.7278 22 24) 
93265378 [9.992501] [9.272876|1c.727124þ23 
IN11:819.26605119.992478 9.273573110.72642722 
thy p.266723]9.992454| [9.274269] 10.7257 3121 
[50 9.267395]9.992430 9.274964 [0.725035120 
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919-515930]9-975277] 1[9.540653110.459347|51 
I019.516294[9-97 5233] 19-541061]10.458939150 
1119,516657|9.975189] [9.541468[10.453532|49 
I2[9.517020[9.975145] [9.541875|10.458125]48 
% 9.517392|9-97 5101 $.542281110.4577 19|47 
uy 9.5177451|9-97 5057] [9.54268810.457312]46 
1519.51810719.97 5013] [9.542094|10.456906z5 
1615.518468 9.974969] [9.543499] 10-456501[44 
1719.518329 9.974925] [9.543905|19.4560g5] 43 
1819.519190! 9.974889 9,.5443101[10,45569c|4: 
1919.519551/9.974836] [9.544715]-0.455285]41 
2019.51991119.974792 9.545119 10.454851]40 
2119.532027119-974747 [9:54552410.454476|35 
22|9.52063 119.974703 9.5459:7110.454072|30 
2319.52099919-974659} [9.546331|10.453669]37 
2419.521349 9 974614] 19.546735|10.453265]36 
25.9.52170719.974570| 9.547138]10.452862135 
2619.522065]19.97 :525] |9.547540]10.452459|34 
2719-5$22423[9-97 4450] 19.547943]10.45205733 
2019.52275119-974436] [9.548345[10.451655]32 
2919:523130319.974391] [9.548747|10.451253/3! 
30'9.5$2349519.974346| 19.549149110.45035113: 
| | Co-fine | Sine | |Co-tang. | Tanxcnt | M 
| Degree 79. 2 


Degree 19. | 
M Sine | Co-ſme | |Tangent| Co-tang. | 
jo[g-$2349519-97 4346) |9-549149| 10. 450851|30 
j1p.$33851 9 9743092 9. $495 50/10. .450450/29 
1119,524208[9.974257] [9.549951/10-450049|28 
$319.524564[9.97 4212] [9.550352|10.449648[27 
$4/9-524920[9.97 4167 9.5507 $2j/10,449248|26 
6919-52 52751 9.974122 9.551152 10.448348 25 
$619.52 5630 9.97 4077 9.S5I552|104448448|24 
119-52 $98 4[9.974032] [9.551952[10.448048|23 
019.52633919-973987] [9-552351[10.447649]2 
3919. 526693 [9.973942] [9.5527 50|10.447250[21 
4019.52704619.9733897] [9.553149 10.446851]2c 
(119.527 400]9.97 3852] [g. 553548[10,44645:]19 
(119 $277531[9-973307] [9:553946|10.446054|18 
319.525 105[9.973761] [9.554344|10-445656| 17 
19,5254 $819.973716} 19.5 4741110.445259] 16 
4519.52 8810 019:973671| 9.555139/10. 444861 1115 
4613.5: 916119 9.9736.5 9.5 $536|120. 44 4464 14 
019.9295 13[9-973539]| [9,55 5932[10.,444068|1; 
#19.529364[9.973535} [9556329|10.443671[1: 
$919-530214[9-973439] [9.5 672 [10,443275}|11 
$019.53056519,97 3442} | _19-557 121110.442879 * © 
$119.530g 5]: 5 9.973293 9.557517 [0.442433] 9 
219.531265[99973352 9%557912110.442088| 8| 
$3/9.53:61419.973307] [9-558308|10.441693| 7 
04/9-531953[9.973261] [9.55%792[10.441298! 6 
19g $323121[9.9732151 [2.559997010. 440993] 5 
(619.532 66119.973:169| i9.559491|10. 4405cg} 4 
119-53 3009[9-97312} 9.559885[10 440115| 3 
$19.533357[9-973978| [9.560279[19.439721| 2 
1919.533704[9.973932 9.55c673[104439327| 1 
f219.s 9,5334052 9.972986 9.561066 10.438934| © 
| | Co-fne | Ste Co tang. | Langent |M 
I D-.yrce 70. 


Degree 20, 


M 


Sine . | Ca fine | | Tangene| Co-tang | Fi 


 o[9.534052[9.97 2986, 


(9.561056|10.438934|5g 


} 


- 


119-53439919-972940| [9.561459]: 0.438541]5 59 
219.53474619-972394] [9.56185110.438148]|8 
319:53509119.972848| [9.562244(10.437756\57 
419-5354371[9-972501] [9.562536]:0,437364|56 
5$19.53578219-9727551 [9.5563028[10.436972]|55, 
6|9.53612919.972709] [9.553419] 1044365580154 
719-$3647419.972663] [9.563511[10.43618g|g;] 
819.5358181]9.972617 9. 564202[10.435793152 
919.537 163[9.972570] [9.56459:110.43 5407/51 
1019.53750719-972524 9 564983110.435017[59 
1119-5378 51|94972477] |9-565373|10+434 '37[49 
I219.538194|9.97243 1 9.565763[:0.434237148 
13]19-533537|9.972334] [9.556153112.433347|47 
14|9.538880[9.972333| [$.556542[10.433457}46 
1519-53922219.972291 9.566932 T0. 43306» 9145 
16]9.53956519.972245] [9.567320] 15.43 2679'44 
17]9-53999719. 972198] [9.557709[10-432291143 
1519.5402491[9.972151 9.565097] 10.43190214: 
I919.549590[9.972195] [9.558486|10.431514{41 
2019.54093 119.97 2058 35f9873]10. 431126146 49 
21[9.541272[9.97 2011] 19.569261] 10. 430739 9 
2219.541612|9.971964| [9.553648 10.430351135, 
2319.54195319.97 1917] [9.570035|10, 29964|37| 
24|9-54229-[9-971879| [9.570422]:0.429578136 
- 9.54263219.971822} 9 57 0Bogl LO. 29191135, 
6]9.542971[9. 971776] [9.571195 Io.4:8805 34 
719-54331019.971729] [2.571581 10.428419]33 
819-54364919.97165:| [9.571967 10.428033]37, 

91 9- _— 9-97 16035] [7.572352 10.427645|31 
3019.544325[9-971588] 19.572738'10.427262]20 
_| Co- fine | Sine 'Co-*a- AL od, 


— SD. ————— — — —— 


Ds: cBICE 69, 


— 


—_— 


uw 


[—— 


—_ 4 


tA 


Degree 20. 


| | r—_—_—_— 


yl Sine | C»-ſine | | Tangent] Co-tang | 
209. 5442.25| 2.971583] 9-572738|15.4:7262|30 
$119.544663] 9.971549] |9-573123[10.426877[29 
1:/9.545000|9-97 1493] [£-573507[10.426492[25 
1313-5453 38[9-971446| [9:573892[10.426108[27 
1419.545674|9-971393] [9.574276[10.425724|26 
1619.54601 119.97 1351 9.574660[10.425340|25 
$619.54634719-97 1303] 19-57 5$944[10.424956|24 
1719-546683[9.971256] [9.57 5427[10.424573|23 
3 9.54701919.97 1208 9.57 5810]10,424189| 22 
(3919-547 3 54|9-97 1161] [9.576193[10.42380721 
47 '9.54768g 9.971112 9.576576 10.422424]20 
41[3.548 924] 9-97 1065 9.576958110.423041119 
4:[0.54835*[ 9.971018 9.577341110.422659]18 
4:13-548693{19-970970 9.577723|[10.422:77|17 
4413549926] 9.970922] [9.578104[10.42189616 
414.5422 5019.97007 4 9.578486 19.421514]:5 
4619-5 4959319.970826] [|9.578867[10.421133114 
4119-550026[9.970779 [9.579248 IO. 420752}13 
4 9.550359[9.970731 9.579628[10.420371|12 
4919.550692[9.970683 9.580000[lo.419991'1! 
ſ219.55+ 02419.97996341 l19.58c38g110.419611 10 
(119.551355[9.99 0586; [9-5%0709 19.419231] © 
(:19.4516$- 10.990538 9.531149{|10.4i8851i] $ 
$1'9.552018 9-970450| 9.5815281!0.418472:] 7 
(419.542349]9-970442 9.551997|10.418092] 6 
$519.552680 9.979394 9.582286|10.417712] «5 
(19.55301019.970345 9.582665]10.417335] 4 
$719. .5224519.979297] [9-583043[10.415956] 3 
$15.55369019.9702 49 2.58 3422110.416578] 2 
$519.544900[9.970200 1.43 2890[Io.41520c] 1 
4) ALEERT:) HREELTSY 9.584177 10.415822} © 
to hd | $6 , JCo fare | L anv cit hy 
| D-..12c 69 = 


——_——_ 


Degree 21. 


C ———_y 


M| Sine | Co-ſine | |Tangent|Co-tang. | 


0[9-55432919.970152) |9.584177| 10-4158 


22 


[60 


119554658 9.970103| 19.584555|10.41544515 
319-5 54987|9.970055] [9.584932|10.415068|58 
319-555315[9.970006| [9.+85308[10.414691 57 
419-555643[9.969957] [9.585686[10,4143 14156 
| 519.55597119.969909 9.586062110.413938'5 
6|9.556299|9.969860 9.586439 10.413561]54 
719-556626[9.9698 11 9.586815110.413185 F3 
819.556953[9-969762| [9.587190 10.412800[5; 
919-5 5727919-969713] [9.587566[19.412434|51 
Io19.557606[9.969665 9.587941110.41205959 
1119.557932[9.969616| [9.588316|10.411684|49 
I219.558258[9.969567 9.588691 10.411309;48 
1319.558583[9.969518] [9.589066 10.410934|47 
1419.558909[9.969469 9.539440[10.410560|46 
(2519.55923419.969419] 19.589814|10.410185|4; 
16[9.559558]9.969370 9.590188[10.409812144 
17]9-559883 9.969321 9.590561 10.409438/43 
18]9.560207 9.96927 2 9.592935110.409065[41 
I919.560531 9-969223 9-591308|10.408692[41 
[2019.560855]9.969173| !9.591681 10.408 319140 
2119.561178 9.969124| 9.592054110.407946|39 
2219-561501]9.969575] [5.592426 10.407574|38 
2319-561824[9.969025] [9.592798|10.407201|37 
=. 9.562146[9.968976 9.593i70[10.4068 29] 36 
25 9.562468 9.968926! 9.593542 10.406457'35 
26[9.562790[9.968877 9.593914|1c.406086|z4 
[27 9.563112[9.968827 9.-594235110.405715[33 
2819.563433|9-968777] [9.594656 10.495344[3: 
{29 9.563754|9.968728 9.595027[10.405073[31 
[3019.564075,9.668678 9.595397[1c.404602';0 
| | Co-fine | Sine | 


[Co tang | Tangent 'M 


Degice 68. 


—m— 


—_— ——— -* 
—— 4 - 4 - 


Pp » Þ © © [Þ » Þ = 
- . _ . ® _--->- . 


— &S | 
£5 
o _— 


"> — 
SS > 
2 


—_ PRES __ = — 
[-— [SS 


[ 


Degree 21. 


—— 


yl Sine | Co-ſme| |[Tangent! Cy-tang. | 


Se  & www iaq.ct fr.” 


& 


p9-56407 5'9- 968678| 19595397 [10.404602|3; 
19$64396]9.968628] 19.595768[1c.404232|2 
[0564716 9.968578 9.596138110.403862[28 
q0.56503 6[9.963 528] 19. 596508[10.403492 27] 
419.5653 56[9.968478] [9-596878[10.403122[26 
$19.56567519-968428] _19-597247110-402753125 
79565995 19-963378} 19: .597616[10.402384 24 
49.566314|9.968328] [9.597985[10.402015 23 
#13.56663219.968278 4 5983 54[10.401646|22) 
1919.566951]9.968228] [g.598722[10.401277|21; 
ng.56726919.968178] [9-599291[10-409909]20 
19.567 5871 9.968128} [9.599459] 10.400541}19/ 
nl9.567904\| 9.968578] 19.5998 27|10.400173[18 
g19.568222]9.968027 9. ei 10.399806| 17} 
9.568 539/9.967977] [9-50056:[10.399438]16 
695688 5519.967 927 >-600929110.399071|15 
465488 9. 957876 9.601296110.3987041141 
r19.569488 9.967826] [9.601662|10.398337|13} 
#5.569804 9.967775) [9-902029]10.397971|12 
9p-$70120[9.967725 5.6:3395|10.3 7605 11] 
——_ 967674] 19-902761110-39723911 
19.5707 5119. 967623| 9.6c3127|10.396873] 9 
119.57 1065|9.967573 5.603493] 1.396507 q 
$19-57138019.9575 2 3 9.602858110.396142| 7 
83-57 16951 9.967471] [9-604223]10.395777] 6 
ee 9.967420 9.904558 10.395412] 5) 
9.57232 2[9-967370 I 19.395047] 4 
119.572.6236 9.967319 9.605317] 10.394683! 3 
9.572949 9.967 268 9.505681[10.394318] 2 
99-573263]9.967217] |9-506046]1c-393954] 1 
9.573575 6.506409] 10-393590|_« at 
' | Co-fine | Sine | EXTRA M: 


Degree 05 


Ir re er noo Sr er Ie ae LIES <>" _.- —_s 


'N 


— -' _— — Oo 


—— - 


_ 2-2 


W + 


—— —Y? 


CO OBI OOO POOLE WF OE ny” 
—_ 4 =>— En 
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"was 


po green eng -- 


-. 


p 
be 


cor 
<< - t TP . 


Ad 


- -—— Ool ee nyt < 
. hug _ . W bi 


=> 
-- 


2-2 


Mt 


Degree 232, 


— 


MI Sine | Co-ſine | | Tangent! Co- tang.| 


| 019: 57 357519-3 367 166) 9.606409] 10, 393590 be 
1 9. 573888 9.967115 9.606773 10.3932 27 55 
| 2\9.574200 9.967054} [9.607136 10.39286;|;8 
j 319-5745 12[9.967012 9.607 500 10.392500|57 
| 419-574824|9.966551] 19.60786:|Lo.392137156 
MAE 575135 [9.960916 1 9.608225ſ10.3 39177415) 
6i9.57544719.966859; 19.608588 10.391412154 
| 719. 5757581[9.966807 9.6:2950|19,391059 52 
$[19.576068[9.966756] [9.609312] 10.390688]|;, 
j $19-57637919-966705] 19-609674|10.390326]51 
Ic}. F7 6685 2.966653 9.600036] 16. 389964 50 
T1 1119, 9.576999] 9.965002, 9.510397 10, 389603 49 
219.577309 9.966550 9.610: 58|10.389241[48 
319.577618[9.966499 9.611119|10,388880|47 
1419.57792719.966447] j9.6114%0|10.358520]y6 
1519-578236lc 9.9663951_ 0.611841|10. 38810 folyf 
1619.57854519-966344] [9- 612201|10.387799\44 
;1719.57885319.966292 9.612552 10.33 7438/43 
:1819.579161[9.966240] [9.61292 111c.387078|4 
I9]2.579469[9.9666 188 9.613281 19.3867 19/4 
2019-57977719-966136] !19.61364: [10.3863 59143 
21]9.5ec084{9.966084 |9.614000][10.386ccqz9 
2219.580392|9.966032] |9.614359|10.38 56411) 
j*3 9.580698|9.965980| [9 614718|10.38528:/37 
(24[9.581005|9.965928] [9.615077}10.35492 3136 
12519.58121119.965276 9-615435110. 384565135 
12619.58161819.965824] |9.515793/10. 304207, 34 
127/9.58192} 9.995772 9.616151]19. 3834483 
'28]9.58222919.965720| [9.6165cg|[10. 383491133 
{29 9.58253419.96506c 9.616867|10.38313313 
[zolo.58:84019.95561 5 0.617224110.38: 36130 


| Co-ſme | 


Sine | 


|Co-tang | i gent it 1M 


Dcgr.c 67. 


<D— 


nA De. 


| at 


D. 44.4 4+ + > 


\F Sine | Co-fine- | | Tanper.| Co tang "1h 


o[9.58284019.9656 15 


[9. 517224] [C. 332776 3 


ES 


Degree 67, 


"FW 


1pj33 144[9-955 $63 - 517531110.232 2418 2C 
116533449 9.955511 517938110. 382061 28 
o.$$375319-955458 98 95110.331705]27 
j9684058 9.995406] [9.618652|10. 331348 2.6 
119534361 9.9653531 [9.519005; 10.330992125 
119.58 466 5 | 9.955301 9.519364 I0.382635|24 
o.584968[9.965248 Set O[IC. 180: 79123 
$2.53527119.955 195 1.620076[10.379924|22 
wla.$8557419.965143] [9.620432[10.379568|2) 
g1g.43 587 7 9.9550og2] 2.629787] [0.379213/25 
u 95385179[9.965037 $.621142|10.378858]19 
6 8.58643 1[9.95 4934] [9.521497 |10.378503[18 
95367831 9.964931 9.621852[10.378149]17 
4 9.538708519.964378} [9.522206]10.377793[16 
# 9-537 38619.954325} ſ9.622551110.377439}15 
| $619.587687|9.954772 9632915 nc 10.37 085] 14 
919.58799819.964719 2:269,10.376731|12 
819.5-8289|9.96 4666 aptly 10.376 77|[12 
919.5383 58913.954613] [9.623576|10.376024|1 
(29.48889519.954 560 _ [9.624330 10.?7567-110 
119.589190[9.964507] [9.524683[10.3753i7 
1:19.58948919.964454] [9.525036[10.374964 
11$.58978919.96 4400 9.625383] 10.374617 
419.55028819.9643 47 9.<25741|10.374259 
'$19-59938719. 9542.94 9.526093110.437 2997 
#19.599686 3.964240 9.2:0445]10.373555} 5 
119.592984]9.964187] [3.526797]10.373222| ; 
"g.59123:[9.964133] 19.627 149] 10.37 85:{ : 
1919.59158c[9.96408 0.527501[10.372499] 1 
99.59187819.964926| 19.627852110.372148] c 
| Co-fine | Sine | | Co-tang.! \ T inge I Fi 


—  — —  — — 


— 


CES 


' 
— FER] 


Degree 23- 


M| Sine | Co ſme | [Tangent| Co-tang, j 


1]. 


J7 ” 


4 i 


46 54107 


46] | 


0[9.59187819.964026] [9.627852|10.37214860 
119-592175|9-963972] 19-628203|10.3717975, 
| 219-592473]9.963919]. [9.623554[10.371446 
3]9-59277019.963865 9.6:8905]10,37Logg 
419.59396719.963811] [9.629255][l0.370744|5 
\ 519-593363 0:963757| 9.629606110.370394]5; 
| 6]9.59365919-963703 [9-0 .629956|10.370044]54 
| 719.593955[9.963650| [9.630306[10.3696g4]5; 
3]9.59425119.963596] [9.63065 5|10.3<9344|5: 
| 9[9.59454719-963542] [9-63 1005110.368gg5|5 
1019.594842,9.963488] [9.631354|10.35864515; 
$95137]9-963433] [9-631 9.631704 04110.368296149 
T2 r2]$-495438 9.963379 yt 10.367947 
1319-59572719.953325]} [9:532401110e357598|4 
14'9.595021[9,963271] [9.6327 50|10.367250 
15'9.596315]9-963217] 19.633098[10.3669o114; 
1619, 596610|9,963192 9.032447 $0.366553]4 | 
1719-59590319.963 108] [9.633795<10.366205]43 
1:8[9.597196|9.963054| [9.63414310.3658 5742 
1919.597490[9-962999] [9-634490[104365510|4 
2019.59778319-962945] [9.634839 [10.365 162140 
21|9,598075|9.962392] 1|9.635185 10.364815|3: 35 
2219.598368|9.962836] [9.635530[10.364468]z! 
> 2 9. 598660 9.962781 9.635879|1c4364121]37 
2415-593952[9-962726] (9.636226110.363774]36 
2519-59924419.962672] 19.636572]t0.3634:8];5 
12619 599536 9.992617 9. 636918 100263081134 34 
1:7/9-599$27|9.962562 [9.637205]104362735]33 
25.9 6991 1819.,952507 9.637610|10,362399137 
29 9.6904: 919.992453 9657950. 362044] 3! 
:20 9.900700'9.962398 9.638302[10.36 169813: 
' | Co fine | Swe | | Co-tang. Lavgent|N, 
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13] 11196027 28[9.952012 (9.5497 16/104359294 
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919.611858]9.960222 
© 9.6121 40]: 9.960165 
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18[9.614385[9.959710] [9.654674|10.345325]42 
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49]9.533981[9.954335] [9.684646] 10,315354|11 
0 9.639242 9.954274 5.634968110.315032 lc 
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ſj 9.655505 3.959202) [2.705 -705603110. 294297] 5 
$519.65 cos 9.950139 9.705915 10.29408 ; al 4 
$119-5 ,6302{9.950c7 | [9-7002285110.293771] 3 
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319-657790|[9.949687] [9.708 102[Io.291897|57 
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919.6592711[9-949300| (9.79997 1119.290029151| | ls, 
lo[9.659517 9.949235 9.71028: l0.289718]50 9 0, 
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I5 9,6607 46 9.945910 9.711836 l Os 388164 45 if 9.6 
16]9.660991|9.948845 9.712146 10-2878 54/44 8|9.6 
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25 9.66319019.948257 0.91402 2110.285067 67135 19.6 
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 o[g. 724210{9.92B 420 [9 795789 IO, 204211|60| 
"119.72441219.928341| [9.796070|10.203930\59 59 
219.724614|9-9238262| [9.796351|10,203649|58 
319.724816[9.9:818 } 2.796632|10.203368|57 
4[9-725017[9.928104| [9.795913[10,203037]56 
_$19-725215 9.928025 3.797, 194110-202806[55 
| 619-72 542019.927946] [9.797474] 10-292522]54 
By - 967 2546:2 9.921867 9.7977 551[10.202245 53 
| 8 9.725823 9.92773 7 9.798036 10.201964 E2 
| 9]9.-72602419.9* 77038] (9.798316{10,2c1684}51 
1019 72622519.927026] 19.798 596110.201404|50 
1119.72642619.927549| 19.798877 10-201123|49 
1219.7266251[9.927469] 1|9.799157|-0.200843[48 
13]9-72682719.927390| [9.799437|19.200563[47 
1419-727027 9.92731-| [9.7997 17|10.20028z|46 
1519-727228!9.9 7231] [9.799997110.200003[45 
16]9.72742819.927151] |9.800277|[10.199723144 
17]9.72762$19.927071| [|9.800557[100199443|43 
19]9.727828[9.926991 9.800836}10.199163[42 
19]3.728027]9.926911] [9.801116|10.198884|41 
2019.728227|[9.926831| [9,801396|10.198604[40 


211947 2842719.926751 
22|9.723626]9.926641 
2319.728825[9.926591 
2419.729024[9.926511 
2519.729223[9.926431 


2619.729422 
2719.729621 
2819.7298 20 
291 3.730018 
$019.730216 


9.926351 
0,926270 
9.926190 
9.926110 


9.926029 


9.301675 
9.801955 
9.802234 
9.802513 
9.802792 


9. 803630, 
9.803908 


10.198325 
10.198045138 
10197766] 37 
10.197487|36 


10.197207[35 

9.893072 I0.1969:8 
9.803351 10.196649 
10.196370|32 
10.196091|z1 
9.804 187110, 1953131Je 20 


 ICo-fine | 


Sine | 


| Co-tang. | Fangent |M 


Degree 57. 


' 
| 
: 


_—— 


Mmmm _ 


» SAO Et dt Ss. AST @Abw...c PS, «- Wu SR nk 3 YE _F 


_— — hw. fi hn. 4 0 


"——_ 


Degree 32, 


= — ——— 


MI Sine | Co-fane | |Tangent] Co-tang. | 


30]9- .730:161]9.9260:9, 


| 19- $04 187, 10.195813|30 


4119-7 39415] 9.925949} |9.804466|10.195534129 
329.7396 13[9.925868] [|9.804745|10.195255]28 
3315-7308 11[9.925787] [9.805023110.194977|27 
3419-73 10991 9.925707} [9.805302[10.,194698[26 
$519.73 1206 9.925626 9.805 58 [0.194420|25 
$69.73 1494 9.925545 9.805359i10.194141 14 
5119.73 1601 9-925464| [|9.806137|10.193863[23 
3919-73179919-92 53384] [9.806415/10,193585|22 
3919-7 3199619.925303 9.806693 [10,193 309 21 
49'9-732193, 9.925222 9.806971|10.193028]20 
41 9.732399|9-925141] 19.807249|10.192751119 
4:19-732597|9-925060] |9.807527|10.192433|18' 
4319-732784|9.924978 9.307805 l0.192195[17, 
4419-7329890[9.924897| [9.808083|10.191917|16 
4113-73317719-9248 16] [9.828361][r0. 191639)15 
46 3733373[9-924735] [9.808638] 10.191362114' 
4119-733 50919-924653] [9.808916 10.1g1084|13, 
4519.733765[9.924572] [9.3809ig9z|10.190807) 12 
919-73396109-924491] |9.809471|l0.1995:gf 11: 
1919-7341 5719.9244c9 9.309749 -19925:[10, 
$119.734353 9.924328| [9.310025 10.189975] 9 
$219.734548[9.924246] [9.810392]10.1896g7] 8, 
$319.734744[9-9241 64 9.810580 189420] 7; 
419-73493919-92498z3] [9.8:0357]10.:89142] 6 
1519-73513 419.92 49001 511134 158566] 5 
$19.735330'9-923919] [9.811410] 15133589, 4 
11719.73552 $19-923837 9.311687 188315] 2 
$919.735719,9-923755 9.311964[10.188036] 2 
919-735914[9-923673] [9.31224:[l0.12775g] 1 
919.736 109 3.923591 9.312517 .137433] c' 

|Contang. | Tangeur "f 


| C9- ſine | | Sine 


Degrec ; * 5, 0h 


+ —_—_— 


Degree 33. 


OEM —<— 


| 


M| vine | Co-ſine | |Tangen.| Co-tang. | - 
019-7 3610919-923591| 9-812517]10-18748316, 
1119.736309,9.923509| 19812794] 10. 187206155 59 
219.7 36497|9-923427| [9.813070|lo.186g30|5g 
319-7 36692|9.923345 3.813347|l0.1866531|5, 
4\9.7 3688619.923263 9.813623|l0.186377156 
$19.7 3708019.923180] 19.813899110.18610115; 
y 9.737274|9-923098| 19.814175|10.185824|54] 
719-73746719.923016} [9.814452|10.185 5485, 
819.737661]9.922933] [9.814728|10.18527215; 
919.737854|[9-922851 9.815004(19.184996{51 
1019.738048]9.922768| [9.815279|10.184720[5c 
1119.738241|[9.922686| |9.815555[10,184445'49 
1219.738434|9.922603| [9.815831 10,184169/4 
1319.738627|[9.9225201 [9.816107!10.18 389347 
1419.73882019.922438] [9.816382[10,183617146 
1519.73901319.922255 [0.816658 10.18 3343M45 
16|19.739205|9.922272| 1|9.816933| 10.18 3066] 4; 44 
17]19-739398|9.922189] |9.8172Cg|10.182791]4; 
18[9.739590[9.922106| [9.817484|10.19251614: 
1919.739783[9-922023 9.817759[10.182240|4) 
20]9.73997 519921940 9.818035110.181965]4c 
2119.740167 9.921857] 9.3818310|1c. 181690 20 39] 
22]9.740359 9.931774 9.8 18585}10. 131415 zb 
23|19.740550[9.921691 9.818860 1c.181140]37 
24|9.740742[9.921607| [9.819135|10.18086536 
25]9-74093419.921524} |9.819410[10.180590135 
2619.741125[9.921441 9. $19684/10. 18031534 34 
2719.74121619.921357 0319959; 19.180041]33 
28]9.741507|9-921274| j$-$20234|10-179766132 
291$9.741698|9.921190 "neva 10.17 949213! 
20|9.741389,;9.921107 0.5820783[10.179217130 


[Co-fine | Sine | 


[Co tang.) Tangent |V 


Ce  — 


Deg Cc 50. 


1 


—_ 


Degree 33. 


\n {| Sine | Co-ſine | | Tangent| Co-tang. | 


00904! 88919.921107| 


19. 320783 (\1C.179217|30 


Sine | 


— — — 


119.94208010.921023] [9.521057|10.178943|29 
1[9.74227 119.920939 9.321332[10.178668] 28 
19.742461]9.920855] [9.821606|10.178394|27 
1/9-742652[9-920772| [9-321880[10.178120[26 
j1g-742342[9.920685] | [9.822154}10-177846|25 
$19.743032!9.920604| |9.822429]10.177571|24 
119.743223[9.920520 4 A 10017729723 
[9.743412 9.920436: 2977|10.177023[22 
1919-743 602[9,92035: or ye 10.176739]:1 
(019.7437 92 2.920263] 19.823524/10.176476 20 
1119.74393 219.920134| |9.823799[10.176202|19 
8/9.74417119.920099] [|9-3824072|l0.175928|18 
$19-74436119.9200l5] 19.524345[i0.175655| 17 
19-7445 50[9-919931] [9.324619] 10.175381]16 
419-7447 3919-9198 46] 19-324892[10-175108]15 
$19.74492819.919762| |9. 2] 19.825166 10.174834'14 
119-745117 9.919677] |9-325439|10.174560|13 
$19.745306(9.919593] [|9-325713[10.174287|12 
919.745 494 [9.919508] [9.825986[10.174014|11 
019.745683 [9.919424 19.825259110.173741[10 
j19.74587119.919339 [9-82 6532|10.173468| 9 
1219.746059 ike 54 A. 26805]10. 173195 8 
ſ3 $7492.48 9.919169] [9.827078|10.172922| 7 
1419-74643619.919084| [9.327 351]10.172649] 6 
1197466241 9 .918998] 9.827624}10.172376] 5 
674681119: .918915] 19.827897|10.172103] 4 
119-746999\9.9138830} |9.328170|1c.171830; 3 
$19.74718719.918744| [9.$28442|10.171558| 2 
1919.747374|9.918659] {9-323715]ro.171235| 1 
[9.747 $6219.918 574| 9.825987[10-171012j © 


| |Co-ſne | 


VE erm 


Degree 50, 


P 


DT EY 


OT @— a —_——_ - —_ <——— — 


| Co-tang-| Tangent | M 


—_—_ _ — _ 


Dcgrce 24. 


| 


Ml. Sjne | Ca-fine | _ Tangent | Co-targ | | I's 


— GD_— 


ll - 


019.747 $6219- 918574) _ 9.828987} 10.171012'6g 4 
1:9-747749,9-918489| |9.529260, 10.1707 49)5g [1 
219.747936|{9.913404] |3.329532[10.170468|53 Þ |. . 
319-748 123|9.913318] [9.829805 10.170195]57 0. 
4[9-748310(9.918233] [2.830077|10.169923/56 1. 

| 5 519.748497 [9.913147 3.330349(10.16965, Di = 

"619.74868}3 9.918062 9.5 30621|10. 169379154 Tow 
719.748870[9.917976 ate: 1 2,166106|53i|.. 4 
$19.749956|9.9 7891] |9-$31165]| 10.168834]54 [il 
9[9-749242[9-917805] |9-531437| 10,16856z1;y ol. 

tc[9.749429[9.917719] [9.53170;] 10. 163291150 50 glg.) 

1119.749515/ 9.917634] |9.d3195 1,19, 168019149 i ge 

12[9.749801;9.917548] [9.832253 10.167747|48 |, 

13]9-749986|9.917462] |9-532525[10.167 47547 |yle- 

14|9.750172[9.917376| |9.332796|10.167204]46 I,\-- 

r 519.7 503 5819.9172901 19.533065|10.16693214f ile. 

1619.75054319-917204| |9-833339|10.166660|44 [50 

1719.750729 9.917118 9.333621|10. 165389 4 g10. 

1$19.75091419.917032 9.833882110.166118 a lg. 

1913.751099]9-916945] [9-834154|10.165846141 þ,l,. 

2219: .75128419.916859 9.834425 10.165 575149 flo. 

31 9.75146919.9:10773 (9-83 4696 10.165304|39 lg. 
(2219.7 251054 9. 316686 9.834967 10.16503} zs i219. 

j23 319.7 5133$|9.916600 9.835238110.164762]z7 mk 

24|9.752023j9.-916514] |9.835509110.164491]36 [4|,. 

ja 9.7 5220719 9.916427 9.835780 10.164220135 119. 
i26 g.75239219-916349; 9.836051110.163949|34 Ig. 

127 g- .75257619.916254 9.836322|10.163678|33 4 

$19.7 5276019.910167 9.836593|10.163 407133 tl, 

i29,6.752944\9-91 6080 9.83 6364|[190.16313630] Ila, 

3919-753128 9.915994] 19. 837134/10.162866 30 | 

i Co fine | Sme | Is tang. [Tangent |M ( 

| Degree 55. 


— 


1 _ 


Degree 34... 


| TI rr « Sine | Co-(ne | |Tarpgicn | © 0-1ang- b- 
[ITT v1g-75312519- +915994' 9.5 37134112. 162 :2866|3c 
I'9 J1lg.753312/9-915907] |9.337405[10.162595] 29 
j 110.753495 9.915020 9.837575110.162325|28 
1 $;l9.75367919-91573 9.827946j10.162054]27 
56 ul9.7 53362 3.915646 9.3338216|10.1617984]26 
"Ty 119-7 $4946 9.915559 3.838487)10.161513]:5 
[54 $19.7542.2.9 919.91547 2 9.338757|10.161243|24 
93/[119.75441219.91 5385 9.839027|1c.160973z3 
T2 1819.754595[9-915297 9.83 9297110.160702|2 m 
1190.7 5477819915210] [9.339558[10.160432|2; 
19 Jolg.7 $4969 9.915123] | 9.839838 10.160162|2- 
49 Wl 975514319-915935 "19.3840108 lo.1595892119| 
4 n$.755325|9-914948] [9.340378|10.159522[18 
f [g1g.75550819.914860} 19.840647[10.1593<52|17 
46 487556 590[9.914773] [9.340917]:0.15903 3016 
49 b[9.75587219.914605} [9.84118710.158813]15 
# 169.756054[9-914597 [9-841457 10,158543]14 
43] Iy19.75623619.914515 9.841726|10.158:273|1} 
# [89.75641819.914422} [9.441996P10.158004|1: 
c 19.7 56600[3.914334] [9.3422 6|[10.157734}t1 
19 [plg.75578 119.914: 46] [9.8425 5lLo.157465] 1c] 
29 Þlg, 119.7 569093 9.914153 9.342804 IO.157 198 $1 
30 1119.75714419.9 1 4070 9.843074410.156926 q 
- 9187573: 619-913982| [9.843343]10.1 56657] 7 
3 149.757 $2719.91 3394 a3 19.156337] & 
35 1119-7 $558 8 12-9431 896 82 p00elda egdent 5 
34 89.757369] 3.: 2.913718 9.844151|10.155849] 4 
33] 919.758 945 9.913630 9.844422]10.155580| 3 
37 19.758:30]9.913541] [9.84468g]10.155311] 2 
- 919-75841119.91:453 9.844958]10.15504*] 1 
[5d [642758591 9.913364 9.945227 10.15477J] © 
M 


Co fine | Sine 


— 


FJ Co-tang.| Tangcon 1M 
Lezrce $5. 


P 2 


DE ——— 


| DD: gree 35. on 
1M, Sine | Co-ſine \ | Tanger, ay Co tng.| \n 
0 9.758591[9.913364| '9.845227| 1c.154774/e os 
| 2]9-758772[9.913276| 19-845495|10.154504) 5g [—— 
8952 218 845764|10.154225\5) Þ'\ 
219-75895219.913 187] [9.845764[10.154235)0Þ0 
| 319-759132[9.913099] [9.84603310,153969|5, ns. 
| a19.759312]9.913010]. [9.846302[t5.1536g8|; lo. 
{_$19-75949219-912921] [9.84657 [10.1534 os p19. 
| 619.75967219.912833 19846239 10153161154 "7 
7 9.759851 9.912744 9.347 197{10.152892]5; "71g, 
$19.7 60031|19.912655 9.847376 19.15252415; #13. 
0 es 9.912566] 19.847644|10.152356|5: 2919. 
ro: 9.7603 9019. 912477 9.847913 10.152087]5, 1019 
(1]9.7605691[9.917398} 19.848181110.15181919 al 
12[9.760748[9.912299] 19.348449ſ10,15155148 [1.1 
> 19.7 6092719 912210 9.848717 10151283147 
b 1319 
[1419.761106 dana 9.843985}10.151015]|46 alg 
15]9.761285[9-912031 9:54925411c.150746h5 [1 
1619, 9.761464{9.911942] |9.849522[10,150478}44 T7 
17|9.761642|9.911853} [9.849789|10.150214]4 krls 
18|9,761821[9.911963] [9.850057|10.,149943|4 8 
19/9.761999[9-911674] [9.850325[10.149674)4l [ll 
20(9.76217719-911584| [9.3850593110.14940714 ||; 
21 9.762356|9.911495] 19-$50861|10.14913g]35 mM 
122 9.762534|9-9i1405] [9.35I128[10.14887:1;8 [|;.\ 
23) 9.762712 9.911315} [9.351396110.148504[z7 [|;.| 
24 9.762809]9.911226 9.351664]190.148336|z6 Al 
2579.7630671]9.911136 9.8 51931]1t0.14806g]35 « 
2619.763245 9.911946 9.852 199|10.147501134 6] 
2719-763422[9.910956] [9.852466] 10.147 534133] | |; 
128|9-763599 9.910866 9.852731[10,14736713? i} 
29'19.76377719.910776 3.9 53001110.146999]31 i9 
139 9.762954/9.910686| 9.353265110-14673:139 [ 6, 
| #1 Co-fine | vine | Cort, wn, | larg ne M 2 
| S Dcgrce 54. = F 


do um omagy —__ > 


[ 


It Since | Go fine | | Vangen.| Co tang. | 


TE” 


Degrce 35 


j09-76395419:91268%5} [9.853208] 10.746732 3x 


& * 


I” 


$119-764131|9-9195 96 J)-853532110,146465 29 
72 2.764308[9.9105356 9.8 53802110.146198|2$ 
1319.764485]9-910415] [93-854269]10.145930[27 
1419.764652[9.,910325 9+ $4336[10.145664|2 6 
(519.7643 28 9.910235} [9-854603[10.145397[25 
619.765015 9491014 9:3854870/10.145130 24 
$119.76519119-910054] [9.855137|10.144863|2 2, 
$12-76536719-999963! [9.855404|10.144595|22 
1919-765 $441 3-929873: [9.855671[19.144329/21 
lo 9.76572019.999782 19.355937[10.144063 20 
41 9-765696;9.9095g1] 9.856204110.143796119 
4219-76607 11|9+909601 9.856471 lo.143529118 
319-76624719.999510] |9.856737[10,143263|17 
419-76542319-999419] [9.857004/10.142996| 16 
i19-76559819.999328] [9.857270[10.142730't5 
46 9.76677419.9992 37 9.857537}10.142463 14) 
(1/9.766949 9.999146 9.857803|10,142197 \S; 
#819.767124 9999055 38 58069\ 10.141931|12 
19,9.767299|9-908964| [9.858336{10.141664 11 
ſo[9.76747419 998873 9.8 58602 10.1412g98|10 
119.767649 9.99878 1] 9.358868 IOe14:t32! 9 
219.7673 24[9.998590; [9.859 34]10.1408 56] 2 
1319-767997 [9.90859y 9.3 59400110.140609| » 
1419-76817} hpenyon [9.3 596565 10.14:3324] 6 
ſ5 $.76834313.508416 3.359932:[10 14005E| 5 
(619.768 522 9.998324] [3.860195] 10,13980; 4 
1119.76369619.998233] [o.85c4"4|15.139536 ? 
L 9.75887119.998141] [9 8627; i0.13927c| 2 
(919-769245j9 J503Jogc 9 $6c03<}10.12 3005] 1 
[9.7892 19 9.997956! fo9.bbreiGnrlio.ng 8920] 
| Co. fue | DIi'1c (,vetang | wn nt Mt! 
= [) prev «0 


Depice 36. 


M! Sine 


| Co-ſize | | Tangent|Co-rang, | | 


_019-769219 9.907958) (9.501261110. i 38739 bo 
J 9.769392|9.907866 g. 861527 IO. 138473159 59 
= 9-76956619.907774] [9.861792|10.138208]58 
319.769740[9-907682 9.862058]10.1 37942157 
419-709913[9.997590] [9-862323}10.137677|56 
$19-77003719.997493] [9.862 589]10.137411 1155 
619.770260'9,907406] 19.862854|10. 137146154 $4 
719-770433|9.997314] [9.863119|20.136880|g} 
8 9-770606(9.907221 9.863385 10.126615[5z 
919-770779' 9.907129] [9.863650] 10.1365350(51 
1019.77095219-907037 9.363915 lo, -.136085[56 
11]19.771125194906945] | 9. 864189'10,1358; 135820/45 46 
(1219.77 1298]9.906852] [9.964445/10.135554/48 
1319.77147019 $06760 0.864710 192.135239{47 
11419-771043 9.995667] [9.86497 5110.135024|4f 
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(719.788856]9.8965328 9.992020110.107972] 2 
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119-78950419.896433] ,9.893070|to0.106930 56 
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14|9-79159619.895144] [9.896452[10.103548|4* 
15]9-791756|9.895945 9.895712) 10.103288 8145 
16 979 191719.394945 9.89697 1] 10.103028]44 
1719.79207719.894846| 19.897231110.102769]43 
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| 1 9.796206|9. 892233 9.903973|10.096027[17 
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1019.80042719.8894761 19.910951110.989049150 
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19|« 580956919. [5.883191 9.926J7% 10.57 3622/56 4 [2.3 
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ing, and Rigging of any Sih'p 5 by 
Henry Boxd. 

The Compl.at- Ship-wright, tc2c- 
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ing the Propoſitions uſed by experienced 
Ship-wrights, according to their cuſtom 
of Building > with the drawing of a 
draught, the making and marking a 
bend of Moulds, both by Arithmctick 
and Geometry 3 by E4. Buſhncl. 

The Gcometrical Sea-man, Shewing 
three kinds of Sailing ; by the true Sea 
Chart, Mercator's Chart, and by a Great 
Circlez with two Traverſe Tables ad- 
ded by H. Philips. 

Norwood's Epitome applicd to plain 
and Mercator's Sailing, with uſeful Ta- 
bles in Navigation. 

The Mariners Compals rcGtifhed 3 A 
Book furniſh:d with Tables ot Hours 
and Azimuths, uſeful in Navigation, 
Calculated from oo deg,to 60 deg of La- 
titude: with the uſe of all Inſtruments in 
Navigation: by Andr. Takely. 

A Mathcmatical Manual,by Mr. Phillips, 
ot Navigation, Gunnery, Dialling, Sur- 
veying, Gaging 3 with a Table of Loga- 
tithins, to 10000, 

There arc alſo fold all forts of Mathc- 
matical or Sea- Po:hs in Engliſh, or Books 
of any other Subject, as Divinity, Hiſtory, 
Poctry,&c. Wagoncrs and Sex Charts.for 
all parts of (hz World, all foris of Paper 
and Paper Books,at the cheapeſt rate; allo 
Biblcs or any other Books ncw bound 
and claſpcd, and tle beit Writing-Ink, 
Pens, Wax, Waters, Pcnci's, &c, 


